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Description

The present invention relates to erythropoietin analogs having at least one additional site for glycosylation or eryth-

ropoietin analogs having a deletion of one or more glycosylation sites in human erythropoietin and an addition of an
equal number of non-naturally occuring glycosylation sites. The invention also relates to DNA sequences encoding said

erythropoietin analogs, and recombinant plasmids and host cells for analog expression.

Background of the Invention

Erythropoietin (EPO) is a glycoprotein hormone involved in the maturation or erythroid progenitor cells into eryth-

rocytes. It is essential in regulating levels or red Wood cells in circulation. Naturally occurring erythropoietin is produced
by the liver during fetal life and by the kidney of adults and circulates in the blood and stimulates the production of red

Wood cells in bone marrow. Anemia is almost invariaWy a consequence of renal failure due to decreased production of

erythropoietin from the kidney. Recombinant erythropoietin produced by genetic engineering techniques involving the

expression of a protein product from a host cell transformed with the gene encoding erythropoietin has been found to

be effective when used in the treatment of anemia resulting from chronic renal failure.

Low levels of erythropoietin are normally present in human urine, while individuals suffering from aplastic anemia
exhibit elevated levels of urinary erythropoietin. The purification of human urinary erythropoietin by Miyake et a), in J.

Biol. Chem., 252, 5558 (1977), used, as starting material, urine from aplastic anemic individuals. To date, however, uri-

nary erythropoietin has not been shown to be therapeutically useful.

The identification, cloning, and expression of genes encoding erythropoietin are described in U. S. Patent No.

4,703,008 to Lin, the disclosure of which is incorporated herein by reference. A description of a method for purification

of recombinant erythropoietin from cell medium is included in U. S. Patent No. 4,667,016 to Lai et al. The expression

and recovery of biologically active recombinant erythropoietin from mammalian cell hosts containing the erythropoietin

gene on recombinant plasmids has, for the first time, made available quantities of erythropoietin suitable for therapeutic

applications. In addition, knowledge of the gene sequence and the availability of larger quantities of purified protein has
led to a better understanding of the mode of action of this protein.

Many cell surface and secretory proteins produced by eucaryotic cells are modified with one or more oligosaccha-

ride groups. This modification, referred to as glycosylation, can dramatically affect the physical properties of proteins

and can also be important in protein staWlity, secretion, and subcellular localization. Proper glycosylation can be essen-
tial for biological activity. In fact, some genes from eucaryotic organisms, when expressed in bacteria (e.g., E coJi)

which lack cellular processes for glycosylating proteins, yield proteins that are recovered with little or no activity by vir-

tue of their lack of glycosylation.

EP-A-428267 discloses analogs of human erythropoietin with one or more changes in the amino acid sequence of

human erythropoietin which result in an increase in the number of sites for sialic acid attachment. The analogs have a
greater number of carbohydrate chains than human erythropoietin.

Glycosylation occurs at specific locations along the polypeptide backbone and is usually of two types: O-linked oli-

gosaccharides are attached to serine or threonine residues while N-linked oligosaccharides are attached to asparagine
residues when they are part of the sequence Asn-X-Ser/Thr, where X can be any amino acid except proline. The struc-

tures of N-linked and O-linked oligosaccharides and the sugar residues found in each type are different. One type of

sugar that is commonly found on both is N-acetylneuraminic acid (hereafter referred to as sialic acid). Sialic acid is usu-
ally the terminal residue of both N-linked and O-linked oligosaccharides and, by virtue of its negative charge, may con-
fer acidic properties to the glycoprotein.

Both human urinary derived erythropoietin and recombinant erythropoietin (expressed in mammalian cells) having
the amino acid sequence 1-165 of human erythropoietin contain three N-linked and one O-linked oligosaccharide

chains which together comprise about 40% of the total molecular weight of the glycoprotein. N-linked glycosylation

occurs at asparagine residues located at positions 24, 38 and 83 while O-linked glycosylation occurs at a serine residue

located at position 126 (Lai et al. J. Biol. Chem. 261 3116 (1986); Broudy et al. Arch. Biochem. Biophys. 265, 329
(1988)). The oligosaccharide chains have been shown to be modified with terminal sialic acid residues. Enzymatic
treatment of glycosylated erythropoietin to remove all sialic acid residues results in a loss of in yjyo activity but does not
affect in vitro activity (Lowy et al. Nature 185, 102 (1960); Goldwasser et al. J. Biol. Chem. 249. 4202 (1974)). This

behavior has been explained by rapid clearance of asialoerythropoietin from circulation upon interaction with the
hepatic asialoglycoprotein binding protein (Morrell et al. J. Biol. Chem. 243, 155 (1968); Briggs, et al. Am. J. Physiol.

227, 1385 (1974); Ashwell et al. Methods Enzymol. &L 287 (1978)). Thus, erythropoietin possesses jn yjvp. biological

activity only when it is sialylated to avoid its binding by the hepatic binding protein.

The role of the other components in the oligosaccharide chains of erythropoietin is not well defined. It has been
shown that partially deglycosylated erythropoietin has greatly reduced jn yjvp. activity compared to the glycosylated

form but does retain in yjfcQ activity (Dordal et al. Endocrinology Hfi. 2293 (1985); Lin patent, supca). In another study,

however, the removal of N-linked or O-linked oligosaccharide chains singly or together by mutagenesis of asparagine
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or serine residues that are glycosylation sites sharply reduces In vitro activity of the altered erythropoietin that is pro-

duced in mammalian cells (Dube et al. J. Biol. Chem. 2f& 17516 (1988)).

Glycoproteins such as erythropoietin can be separated into different charged forms using techniques such as iso-

electric focusing (IEF). Several parties have reported IEF studies of crude and partially purified erythropoietin prepara-

tions (Lukowsky et al., J. Biochem §Q, 909 (1972); Shelton et al. Biochem. Med. 12, 45 (1975); Fuhr et al. Biochem.

Biophys. Res. Comm. §8. 930 (1981)). At most, three or four fractions having erythropoietin activity were distinguished

by IEF in these studies and none were characterized with respect to carbohydrate content. In addition, no correlation

between the isoelectric points of the fractions and their biological activity was made.

During the purification of urinary erythropoietin from human urine discussed in Miyake et. al. supra, two erythropoi-

etin fractions from hydroxylapatite chromatography designated II and IHA were reported to have similar specific activity.

A subsequent carbohydrate analysis of fractions II and II IA revealed that fraction II had a greater average sialic acid

content than fraction IHA (Dordal et. al. supra) .

It is an object of the present invention to provide separated and isolated isoforms of erythropoietin having a defined'

sialic acid content and increased biological activity. Pharmaceutical compositions containing such molecules would

have therapeutic benefit.

Summary of the Invention

The subject invention relates to analogs of human erythropoietin comprising an amino acid sequence which

includes at least one additional site for glycosylation. The added sites for glycosylation may result in a greater number
of carbohydrate chains, and higher sialic acid content, than human erythropoietin. Erythropoietin analogs comprising

amino acid sequences which include a deletion of one or more glycosylation sites and an addition of an equal number
of non-naturally occuring glycosylation sites are also provided. Analogs comprising an addition of one or more amino

acids to the carboxy terminal end of erythropoietin wherein the addition provides at least one glycosylation site are also

included. The invention further encompasses DNA sequences encoding such erythropoietin analogs, and recombinant

plasmids and host cells for analog expression.

Brief Description Of the Drawing?

Figure 1 shows an analytical isoelectric focusing gel of the separate recombinant erythropoietin isoforms. Gel lanes

1-11 show isoforms ranging from less acidic (higher pi) in lane 1 to more acidic (lower pi), in lane 11. Purified recom-
binant erythropoietin containing a mixture of isoforms 9-14 is also shown in the far left and right lanes of the gel.

Figure 2 shows the relationship between the number of sialic acids per erythropoietin isofbrm and the in yjyo spe-

cific activity of each isoform expressed as units per mg of erythropoietin polypeptide. In Figure 2A, the concentration of

each erythropoietin isoform was determined by the Bradford protein assay; in 2B, the concentration was determined by

absorbance at 280 nm, in 2C, the concentration was determined by RIA.

Figure 3 shows an analytical isoelectric focusing gel of defined mixtures of recombinant erythropoietin isoforms

prepared by anion exchange chromatography under different conditions. Gel lanes 1-6 represent, respectively, erythro-

poietin isoforms eluted in a high salt wash after washing the Q-Sepharose fast flow column with 150 mM acetic acid,

pH 4.7, 150 mM acetic acid (unbuffered), 200 mM acetic acid, pH 4.7, 250 mM acetic acid, pH 4.7, 300 mM acetic acid,

pH 4.7 or 300 mM acetic acid (unbuffered). Purified recombinant erythropoietin containing a mixture of isoforms as
obtained using procedures described in Example 2 of Lai et al., supra, except that DEAE-Agarose chromatography is

replaced by Q-Sepharose chromatography, is also shown in the far left lane of the gel.

Figure 4 shows the separation of erythropoietin isoforms 8 to 12 achieved by subjecting cell conditioned medium
applied to a column of Q-Sepharose to a gradient of decreasing pH and increasing ionic strength. Aliquots of even num-
bered fractions from Fraction 2 to Fraction 40 were subjected to analytical isoelectric focusing. Purified recombinant

erythropoietin containing a mixture of isoforms obtained using procedures described in Example 2 of Lai et al. supra,

except that DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography, is also shown in the far left

lane of the gel.

Figure 5 shows the amino acid sequence of human erythropoietin. Squares indicate asparagine residues to which
N-linked carbohydrate chains are attached and an asterisk indicates the serine residue modified with an O-linked car-

bohydrate chain.

Figures 6A, 6B, and 6C show the series of cloning steps used in generating plasmids for the construction and anal-

ysis of analogs of human erythropoietin. These analogs have amino acids altered as shown in Figure 5 which provide

additional glycosylation sites.

Figure 7 shows a Western blot analysis of COS cell supernatants of human sequence erythropoietin and indicated

erythropoietin analogs. The analogs [Asn9
,
Ser11 ] EPO, [Asn69] EPO. [Asn125

,
Ser127] EPO. and [Pro124

,
Thr125] EPO

are constructed as described in Example 6. Additional analogs [Pro125
,
Thr127] EPO and [Asn126

,
Ser128] EPO which

do not contain additional carbohydrate chains are shown for comparison.
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Figure 8 shows a Western Wot analysis of COS cell supernatarrts of human sequence erythropoietin and indicated
erythropoietin analogs after treatment with N-glycanase. The analogs |Thr125] EPO and [Pro

124
,
Thr125] EPO were con-

structed as described in Example 6. The analogs [Val
126

] EPO, [Pro124
] EPO, [Pro12^ EPO [Thr

127
1 EPO TPro

125

Ser127] EPO and [Thr
125

, Ser
127

] EPO are shown for comparison.

Figure 9 shows an isoelectric focusing gel of pools 2. 3 and 4 obtained by Q-Sepharose and C4 reverse phase
chromatography of cell medium that supported the growth of CHO cells transfected with erythropoietin cDNA containing
the [Thr °] mutation. Purified recombinant erythropoietin containing a mixture of isoforms were obtained using proce-
dures described in Example 2 of Lai et al.. §ypia, except that DEAE-Agarose chromatography is replaced by Q-Sepha-
rose chromatography, is also shown in the left and right lanes of the gel.

Figure 10 shows a Western blot analysis of COS cell supernatants of recombinant human erythropoietin (rHuEPO)
and selected analogs. The construction of the analogs is described in Example 6. Analogs N9, N14, N18, N19 N21
N24 and N39 have at least one additional carbohydrate chain as evidenced by slower gel mobilrty.

Figure 1
1
shows a Western blot analysis of COS cell supernatants of recombinant human erythropoietin and EPO

N1 4 analog during N-glycanase digestion. Time points were taken at 0. 4, 12 and 45 minutes and after overnight diges-
is tion.

^

Figure 12 shows an isoelectric focusing gel of EPO N14 analog isoform preparations. The low isofbrm pool con-
tains EPO N1 4 analog having mostly 6-12 sialic acids per molecule, the medium isoform pool contains analog N14 hav-
ing mostly 10-15 sialic acids per molecule, and the high isoform pool contains EPO N14 analog having mostly 12-17
sialic acids per molecule.

Figure 13 shows the pharmacokinetics of recombinant human erythropoietin, isolated isoform 14 and EPO N14
analog (isoforms 15-17) after intravenous injection into rats.

Figure 14 shows a cold displacement assay of
125

l labeled recombinant human erythropoietin binding to the eryth-
ropoietin receptor m the presence of varying amounts of unlabeled rHuEPO, isolated isoform 14 or EPO N14 analog

Figure 1 5 shows a mouse hematocrit study comparing the activity of EPO N1 4 high isoform pool (0 036 and 0 071

2

|ig), isolated isoform 14 (0.036 and 0.0712 \xq), EPO 177 low isoform pool (0.0712 jig) and rHuEPO (0.071 \ig).

Detailed Pescriptinn nf the Invention

The subject invention provides erythropoietin isoforms. The specific isoforms of erythropoietin obtained in accord-
ance with the present invention, and their properties, may vary depending upon the source of the starting material For
example, the isoforms of urinary derived human erythropoietin are different than the isoforms of recombinant erythro-
poietin. In a preferred embodiment, the invention relates to an erythropoietin isoform having a specific number (i e a
fixed number greater than 0) of sialic acids per erythropoietin molecule, said number selected from the group consisting
of 1-14. Advantageously said number is 9, 10. 11. 12, 13, or 14. In another embodiment, said number is greater than

35 14, advantageously 16-23.

The term "erythropoietin isoform" as used herein refers to erythropoietin preparations having a single isoelectric
point (pi), and having the same amino acid sequence. The term "erythropoietin", as used herein, includes naturally
occurring erythropoietin, urinary derived human erythropoietin as well as non-naturally occurring polypeptides having
an amino acid sequence and glycosylation sufficiently duplicative of that of naturally occurring erythropoietin to allow

40 possession of inYM biological properties of causing bone marrow cells to increase production of reticulocytes and red
blood cells.

It has been found that discrete isoforms of recombinant erythropoietin having the amino acid sequence of urinary
derived human erythropoietin correspond to erythropoietin molecules having from 1-14 sialic acids, and each isoform
present in purified recombinant erythropoietin has an jn vivq activity which is related to the number of sialic acids the

45 isoform possesses.

In a preferred embodiment, erythropoietin is the product of the expression of an exogenous DNA sequence that has
been transfected into a non-human eucaryotic host cell, that is. in a preferred embodiment the erythropoietin is "recom-
binant erythropoietin". Recombinant erythropoietin is advantageously produced according to the procedures described
in commonly owned Lin U.S. Patent 4.703,008 hereby incorporated by reference. Recombinant erythropoietin can be

so purified according to the general procedures described in Example 2 of commonly owned Lai et al. U. S Patent
4,667,016 hereby incorporated by reference, or alternatively according to the procedure described in Example 2 of Lai
et al. wherein DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography.

Erythropoietin purified according to Example 2 of Lai et al. supra contains predominantly six isoforms when ana-
lyzed by lEF. In addition, at least one additional isoform of greater acidity has been detected using the chromatographic

ss procedures described in Example 4. (This more acidic form, migrating at >14 sialic acids on an IEF gel may contain
nonsiahc acid negative charges as shown by the resistance of some of the charge to sialidase digestion). These iso-
forms differ from each other by sialic acid content As shown in the Examples, this is demonstrated by isolating 10 of
these isoforms by preparative IEF and determining the sialic acid content of five of them. Of the isoforms assayed for
sialic acid content, it is found that the frve isoforms contained either 9. 10, 11, 12 or 13 sialic acid residues

30

4
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There is a relationship between the relative in yjvQ specific activity of erythropoietin and number of sialic acid resi-

dues per erythropoietin molecule from the isoforms 5 through 1 1 (each isoform is designated herein by the number of

sialic acids per erythropoietin molecule). Isoforms 1 1 through 1 4 have approximately the same relative in yjy£ specific

activity. Isoforms 5-14 were assayed for jn vivp. activity by the exhypoxic polycythemic mouse bioassay and the amount
of each isoform present is determined by Bradford protein assay, absorbance at 280 nm or by radioimmunoassay (RIA)
for erythropoietin. RIA determinations (Egrie et at. Immunobiology 172, 213, (1 986)), expressed as units/ml, are divided
by 212,770 units/mg erythropoietin polypeptide, the average specific activity of purified erythropoietin as determined by
RIA, to give protein concentrations of isolated isoforms or isoform mixtures expressed as mg erythropoietin polypep-
tide/ml. As shown in the Examples, the relative in vivo, specific activities increase step-wise from isoform 5 to isoform
1 1 (see Table 2).

The inyM specific activities referred to herein are measurements of relative in yjys specific activities and are not
measurements of absolute in yjyg. specific activities. For the purposes of this application, the specific activities are used
only to compare relative activities of isoforms that have been assayed using the same assay, using the same conditions
including the same internal standard, the same type of animals, having the same analysis of the data used to calculate
specific activity, the same assay for determining protein content. It is not intended that any in vivo, specific activity value
reported for any isoform represents an inherent or absolute value for that isoform.

This invention also provides compositions comprising two or more erythropoietin isoforms. In one embodiment the
compositions comprise a mixture of isoforms having greater than a predetermined number of sialic acids per erythro-
poietin molecule, e.g. greater than 1 1 sialic acids per erythropoietin molecule, or greater than 12 sialic acids per mole-
cule, e.g. a mixture of isoforms 12, 13 and 14. In another embodiment the compositions comprise mixtures of isoforms
having a predetermined number of sialic acids per erythropoietin molecule, e.g. less than 12, but greater than 8 sialic

acids per molecule as in, for example, a mixture of isoforms 9, 10, and 1 1 . The invention also provides for compositions
of erythropoietin isoforms wherein the relative amounts of the isoforms are the same or different. For example, a mixture
of isoforms 9, 10 and 1 1 could have the isoforms present in a variety of ratios such as 1 :1 :1 , 2:3:1 or 20:20:1

.

Advantageously, the compositions comprise mixtures of less than four isoforms, for example a mixture of isoforms
11,12. and 13, or a mixture of 12 and 14, or a mixture of 7 and 13.

In order to produce mixtures of erythropoietin isoforms, this invention also provides methods of isolating selected
erythropoietin isoforms simultaneously. These methods include isolation of individual isoforms by techniques such as
preparative isoelectric focusing or preparation of mixtures of isoforms having a predetermined number of sialic acids
per molecule (for example, greater than 1 1) by techniques such as ion exchange chromatography or chromatofocusing.
All of these techniques have as their basis the separation of proteins according to charge.

In general, ion exchange chromatography and chromatofocusing involve application of either crude human eryth-
ropoietin (cell conditioned media) or purified material to a column resin under conditions that permit binding of some or
all of the erythropoietin isoforms to the resin. For crude erythropoietin preparations, it is preferable to apply the protein
to the column at about pH 7 while for purified preparations the protein can be applied to the column at pH 7 down to
about pH 4. After washing the column with buffer at about pH 4, those erythropoietin isoforms that remain bound on the
ion exchange column are eluted by increasing the pH and the salt concentration of the buffer or by applying a gradient
of decreasing pH and increasing ionic strength at about pH 4. For chromatofocusing, the isoforms are eluted from the
column by a gradient of decreasing pH or by washing the column with a high concentration of salt.

In a preferred embodiment, individual isoforms are isolated using ion exchange chromatography. As an example,
isoform 1 4 was isolated using ion exchange chromatography as described in Example 8.

Also encompassed by the invention are certain analogs of human erythropoietin. As used herein the phrase "ana-
log of human erythropoietin" refers to erythropoietin with one or more changes in the amino acid sequence of human
erythropoietin which result in an increase in the number of sites for sialic acid attachment. Analogs are generated by
site-directed mutagenesis having additions, deletions, or substitutions of amino acid residues that increase or alter sites
that are available for glycosylation. Such analogs may have a greater number of carbohydrate chains than human eryth-
ropoietin.

The erythropoietin analogs of the present invention comprise an amino acid sequence which includes at least one
additional site for glycosylation. Analogs having levels of sialic acid greater than those found in human erythropoietin
are generated by adding glycosylation sites which do not perturb the secondary or tertiary conformation required for
biological activity. Advantageously, the analog of human erythropoietin has 1 . 2 or 3 additional sites for N-glycosylation
or O-glycosylation, resulting in the addition of 1. 2. or 3 additional N-linked or O-linked carbohydrate chains. For exam-
ple, a leucine at position 69 is replaced by an asparagine to give the sequence Asn-Leu-Ser, which serves as a fourth
site for N-glycosylation. Such a change can commonly provide up to four additional sialic acids per molecule. Examples
of changes that generate additional O-glycosylation sites are alanine at position 125 to threonine and alanines at posi-
tions 124 and 125 to proline and threonine, respectively. Analogs may be constructed which have one or more addi-
tional N-linked and O-linked chains, for example, analogs N01 and N02 described in Table 5. As will be appreciated by
those skilled in the art. the subject invention includes many other analogs of human erythropoietin having additional
sites for glycosylation.
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Analogs having increased levels of carbohydrate attachment at a glycosylation site are also encompassed by the

invention. Such analogs usually involve the substitution of one or more amino acids which are in close proximity to an
N-linked or O-linked site. As a result of these amino acid changes, a greater proportion of erythropoietin polypeptides

will have a carbohydrate modification. The glycosylation sites may be naturally occurring or generated by mutation. For

example, analog N13 does not generate an additional carbohydrate chain even though a glycosylation site was intro-

duced at position 88. However, analogs N14 and N18, which have serine and valine residues, respectfully, substituted

at position 87, have an additional carbohydrate chain at position 88.

Also provided by the invention are analogs which have one or more amino acids extending from the carboxy termi-

nal end of erythropoietin and wherein the carboxy terminal extension provides at least one additional carbohydrate site.

In one embodiment, an analog was constructed by fusing the carboxy-terminal 28 amino acids of human chorionic

gonadotropin (HCG) to the arginine residue at position 166 of human erythropoietin. The HCG carboxy-terminal frag-

ment has four sites for O-glycosylation (Kessler et al., J. Bid. Chem. 2§4, 7907 (1979)).

Tables 3. 4 and 5 list erythropoietin analogs which have additional sites for N-linked and/or O-linked carbohydrate

chains. The analogs have the sequence Asn-X-Ser/Thr substituted at various positions in the human erythropoietin

polypeptide chain to create N-linked sites or have serine or threonine residues introduced to create O-linked sites.

Table 6 lists those analogs which add at least one additional N-linked or one additional O-linked carbohydrate

chain, or add additional N-linked and O-linked chains simultaneously, as evidenced by the migration of the glycopro-

teins on SDS gels (Example 7). As can be appreciated from Tables 3-6, analogs having one or more additional sites for

carbohydrate attachment do not necessarily result in erythropoietin molecules having additional carbohydrate chains.

For example, substitution of threonine residues at positions 123 and 125 resulted in the addition of an O-linked carbo-

hydrate chain while substitution of serine or threonine at other positions did not result in analogs with additional O-linked

chains (see Table 4). However, substitution of asparagine residues at positions 30, 51, 57, 69. 88. 89, 136 and 138 in

the human erythropoietin amino acid sequence resulted in the addition of an N-linked chain at those sites. The fusion

of an HCG polypeptide fragment to the arginine residue at position 166 of human erythropoietin resulted in an erythro-

poietin-HCG fusion molecule having at least two additional O-linked carbohydrate chains.

The erythropoietin analogs of the present invention also encompass erythropoietin having an amino acid sequence
which includes a rearrangement of at least one site for glycosylation. A rearrangement of a glycosylation site as used
herein refers to the deletion of one or more glycosylation sites in human erythropoietin and addition of one or more non-

naturally occurring glycosylation sites. Analogs R1. R2 and R3 are examples of such rearrangements and were con-

structed by deletion of the N-linked sites at positions 24, 38 or 83, respectively, and addition of an N-linked site at posi-

tion 88. However, numerous other types of carbohydrate site rearrangements are possible and the resulting analogs

may or may not have a greater number of glycosylation sites compared to human erythropoietin.

Analogs R1
, R2 and R3 were analyzed for jn yjyo biological activity and the results shown in Table 7. The introduc-

tion of an N-linked chain at Asn 88 restored biological activity to erythropoietin having any one of the three naturally

occurring N-linked sites deleted. These results indicate that the positions of carbohydrate chains in erythropoietin may
be changed in order to generate useful analogs without significantly affecting the biological activity.

Also encompassed by the present invention are DNA sequences encoding erythropoietin analogs having additional

sites for N-linked and/or O-linked chains, analogs having a rearrangement of at least one attachment site for a carbo-

hydrate chain, and analogs having one or more amino acids extending from the carboxy-terminal end of erythropoietin.

Procedures used to introduce changes into the human erythropoietin DNA sequence for the purpose of creating and
altering attachment sites for carbohydrates are disclosed in Example 6.

These erythropoietin analogs can be the product of expression of an exogenous DNA sequence, i.e., produced
through recombinant DNA technology, or can be synthesized products. An exogenous DNA sequence comprises

cDNA, genomic DNA or chemically synthesized DNA encoding an erythropoietin analog. Recombinant DNA plasmkJs

and eucaryotic host cells useful for the expression of said analogs are also provided. Expression vectors include any
vector which is capable of expressing cloned DNA sequences in a eucaryotic host cell, particularly those vectors used
for expression in COS and CHO cells. Examples of such vectors include plasmids pEC and pDECA described in Exam-
ple 6 of the specification. The cultivation of COS and CHO host cells expressing erythropoietin analogs was carried out

using procedures known to one skilled in the art

Isolated isoforms and mixtures of isoforms derived from erythropoietin analogs are obtained using the methods
described above for preparing isoforms of human erythropoietin. These methods may include isoelectric focusing, ion

exchange chromatography and chromatofocusing. Preferably, ion exchange chromatography is used to prepare individ-

ual isoforms and mixtures of isoforms derived from erythropoietin analogs.

Increasing the number of carbohydrate chains on erythropoietin, and therefore the number of sialic acids per eryth-

ropoietin molecule, may confer advantageous properties such as increased solubility, greater resistance to proteolysis,

reduced immunogenicity, increased serum half-life, and increased biological activity.

Conditioned media from CHO cells expressing erythropoietin analogs were analyzed for in yjve biological activity

and the results shown in Table 6. Several analogs tested had activity that was 3-fold or more higher than human eryth-

ropoietin. In particular, analogs having an additional N-linked carbohydrate chain at either position 30 or 88 show 2- to

6
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3-fold higher activity than human erythropoietin while analogs having additional O-linked chains as a result of fusion of

human erythropoietin to the HCG polypeptide fragment have at least 2-fold higher activity.

Two erythropoietin analogs having additional carbohydrate chains were purified and isoform mixtures having differ-

ent sialic acid contents were isolated (Example 8). Thr125 and Ser^Asn^r90 (EPO N14) analogs were separated
into three separate isoform fractions and the in viva biological activities for each fractions was determined. The results
presented in Table 8 demonstrate that EPO N14 isoform fractions having higher sialic acid content have a greater in

vivo activity.

A pool of high sialic acid isoforms of EPO N14 analog and recombinant human erythropoietin (isoforms 9-14) were
studied in receptor binding assays, pharmacokinetic experiments, and experiments to determine increase in hematocrit
of mice. Results of these assays indicate that there is a direct relationship between sialic acid content, clearance half-
life, and ability to increase the hematocrit of treated mice. Thus, as shown in figures 13. 14 and 15. EPO N14 high sialic
acid isoform pool had a significantly longer in yjyQ harf-life and promoted a greater increase in hematocrit than did either
isolated isoform 14 or recombinant human erythropoietin, even though the N14 high sialic add isoform pool did not bind
as strongly to the receptor.

Another embodiment of the invention relates to mammalian (e.g., Chinese Hamster Ovary, CHO) host cells which
preferentially synthesize isoforms of human erythropoietin or erythropoietin analogs having greater than a specific
number of sialic acids per molecule, e.g. greater than 10 sialic acids per molecule. Erythropoietin molecules have re-

linked and O-linked oligosaccharides structures which can limit the sialic acid content of the molecule. For example,
tetraantennary (four-branched) N-linked oligosaccharides most commonly provide four possible sites for sialic acid
attachment while bi- and triantennary oligosaccharide chains, which can substitute for the tetraantennary form at aspar-
agine-linked sites, commonly have at most only two or three sialic acids attached. O-linked oligosaccharides commonly
provide two sites for sialic acid attachment. Thus, erythropoietin molecules can accommodate a total of 14 sialic acid
residues provided all three N-linked oligosaccharides are tetraantennary. Mammalian cell cultures are screened for
those cells that preferentially add tetraantennary chains to recombinant erythropoietin, thereby maximizing the number
of sites for sialic acid attachment.

The N-linked oligosaccharides of urinary erythropoietin contain sialic acid in both an a 2,3 and an a 2,6 linkage to
galactose (Takeuchi et al. J. Biol. Chem. 2^, 3657(1988)). Typically the sialic acid in the a 2,3 linkage is added to
galactose on the mannose a 1.6 branch and the sialic acid in the a 2,6 linkage is added to the galactose on the man-
nose a 1,3 branch. The enzymes that add these sialic acids (p-galactoside a 2.3 sialyltransferase and p-galactoside a
2,6 sialyltransferase) are most efficient at adding sialic acid to the mannose a 1 ,6 and mannose a 1 ,3 branches respec-
tively.

Dihydrofolate reductase (DHFR) deficient Chinese Hamster Ovary (CHO) cells are a commonly used host cell for
the production of recombinant glycoproteins including recombinant erythropoietin. These cells do not express the
enzyme p^galactoside a 2,6 sialyltransferase and therefore do not add sialic acid in the a 2,6 linkage to N-linked oli-

gosaccharides of glycoproteins produced in these cells. (Mutsaers et al. Eur. J. Biochem. 1SS, 651 (1986); Takeuchi et
al. J. Chromatogr. 400, 207 (1987)). Consequently, recombinant erythropoietin produced in CHO cells lacks sialic acid
in the 2,6 linkage to galactose (Sasaki et al. (1987), supra : Takeuchi et al. (1987), supra) .

In another embodiment of the subject invention, human erythropoietin or an erythropoietin analog is produced in
CHO cells that are transfected with a functional p-galactoside a 2,6 sialyltransferase gene to give incorporation of sialic
acid in a 2,6 linkage to galactose. The resulting isoforms will contain sialic acid having both a 2,3 and a 2,6 linkages to
galactose. See Lee et al. J. Biol. Chem. 2§4, 13848 (1989), hereby incorporated by reference, for a disclosure of tech-
niques for creating modified CHO cells or other mammalian host cells.

Also comprehended by the invention are pharmaceutical compositions comprising a therapeutically effective
amount of a specific isoform or mixture of isoforms together with a suitable diluent, adjuvant and/or carrier useful in
erythropoietin therapy. Pharmaceutical compositions comprising a therapeutically effective amount of an erythropoietin
analog together with a suitable diluent, adjuvant and/or carrier are also encompassed. A "therapeutically effective
amount" as used herein refers to that amount which provides therapeutic effect for a given condition and administration
regimen. The administration of isoforms of human erythropoietin or erythropoietin analogs is preferably by parenteral
routes. The specific route chosen will depend upon the condition being treated. The administration of isoforms of
human erythropoietin or erythropoietin analogs is preferably done as part of a formulation containing a suitable carrier,
such as human serum albumin, a suitable diluent, such as a buffered saline solution, and/or a suitable adjuvant. The
required dosage will be in amounts sufficient to raise the hematocrit of patients and will vary depending upon the sever-
ity of the condition being treated, the method of administration used and the like.

The following examples are offered to more fully illustrate the invention, but are not to be construed as limiting the
scope thereof. The erythropoietin standard used in the in yjyo bioassays employed in the Examples is a recombinant
erythropoietin standard that was standardized against a partially purified urinary erythropoietin standard. Thus, only rel-
ative in yjva specific activities are being measured. Also the in yjve specific activities are expressed in "units/ml"
"units/mg" and units/Agso" and not as "IU/ml", "IU/mg" and lU/Ageo" because the erythropoietin standard employed has
not been directly correlated to any existing international standard.
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Example 1
:
Isolation of Recombinant Erythropoietin Isoftyms

Recombinant erythropoietin is produced as described in Lin, supra . Recombinant erythropoietin used as starting
material fpr the first and third isoform isolations is purified according to the procedure described in Example 2 of com-
monly owned Lai et al.. syjara.. Starting material for the second and fifth isoform isolation is purified according to Lai et
al. supra using the modification of Q-Sepharose chromatography. These preparations contain a mixture of isoforms of
recombinant erythropoietin having the same amino acid sequence as urinary derived human erythropoietin and contain
predominantly isoforms 9 to 14. Starting material for the fourth isoform preparation is the material which elutes during
the 5 mM acetic acid/1 mM glycine/6M urea wash of the anion exchange column in Example 2 of Lai et al. This fraction
contains isoforms with less than or equal to 9 sialic acids and was further purified by gel filtration chromatography as
described in Example 2 of Lai et al. prior to use in the preparative isoelectric focusing procedure. The sixth isoform
preparation used as its starting material a purified preparation of recombinant erythropoietin having from 4 to 13 sialic
residues. This material was purified as per Example 2 of Lai et al. except for a modification to the ion exchange column
(elution of the recombinant erythropoietin with a sodium chloride gradient at pH 8.4 and omission of the acetic add/urea
wash) which results in retention of most of the isoforms present in the starting material.

Six different preparations of individual isoforms are carried out by preparative isoelectric focusing in a granulated
gel bed (Ultrodex, LKB) essentially as per LKB Application Note 198. Pharmaryte (Pharmacia) 2.5-5 ampholytes (Phar-
macia) are used and the gel bed contains 5 M urea.

In the first preparation, approximately 20 mg of recombinant erythropoietin in 6.8 ml of 20 mM sodium citrate/ 100mM sodium chloride, pH 7.0 are applied to the gel and focused at 8 watts for approximately 16 hours. After isoelectric
focusing, the isoform bands in the gel are visualized by a paper contact print of the gel bed. The print is made and then
fixed by soaking in 3 changes (approximately 10 minutes each, room temperature) of fixing solution (40% metha-
nol/10% acetic acid/10% TCA/3.5% sulfosalicylic acid), subjected to one change (approximately 10 minutes) of 40%
methanol/10% acetic acid (30-60'C), stained for 15 minutes at 60°C in 0.125% Coomassie Blue R-250/40% metha-
nol/10% acetic acid, and then destained in 7.5% methanol/10% acetic acid in order to visualize the separated isoforms
The region of the granulated gel bed containing the isoforms (-50% of the resin) is removed, water is added (-1 6 ml)
and the slurry is poured into a 5.5 x 24.5 inch tray and evaporated to -40 g net weight. This preparation is focused for
a second time and a contact print of the gel bed is made as before. The portion of gel containing each of the six dis-
cernible isoforms is removed from the gel bed.

In order to elute the isoforms from the gel, a solution containing 10 mM Tris-HCI, pH 7.0/ 5 mM Chaps is added to
each isoform to generate a slurry The slurries are placed in small columns and washed with the Tris-Chaps buffer Trie
flow throughs are collected and applied separately to small columns (open column configuration) containing Vydac C4
reversed phase resin equilibrated in 20% ethanol/10 mM Tris-HCI, pH 7.0. The columns are developed stepwise with
20% ethanol/10 mM Tris-HCI. pH 7.0. 35% ethanol/10 mM Tris-HCI. pH 7.0, and 65% ethanol/10 mM Tris-HCI. pH 7 0
The fraction eluting at 65% ethanol/10 mM Tris is diluted 1 :1 with 10 mM Tris-HCI, pH 7.0 and subjected to concentra-
tion and then buffer exchanged to 1 0 mM Tris-HCI, pH 7.0 using a Centricon-1 0 (Amicon) microconcentrator. Analytical
isoelectric focusing of this preparation is performed essentially as described in LKB technical note 250 using Servalyte
3-5 ampholmes (Serva) in a polyacrylamide gel containing 5 M urea.

In a second preparation, approximately 26 mg of recombinant erythropoietin in 6.5 ml of deionized water are
applied to the gel and focused at 2.5 watts for 35 minutes and 10 watts for approximately 17 hours. The bands of
focused protein, which are visible in the gel bed, are removed as 1 1 different pools. Each pool is brought to about 7 5
ml with deionized water and 20 ml of each of the resulting pool supernatants is subjected to analytical isoelectric focus-
ing as described above. To each of the pools is added 5 ml of 1 .5 M Tris-HCI, pH 8.8 and the slurries are each placed
in small columns and the liquid phase allowed to flow through. The resin is washed with approximately three volumes
of 0.5 M Tris-HCI. pH 7 and the rinse solution is combined with the flow through. The eluants are concentrated and
buffer exchanged to 20 mM sodium citrate/ 100 mM sodium chloride, pH 7.0 using Amicon disposable ultrafiltration
devices having a 10.000 dalton molecular weight cutoff. The concentrated solutions (approximately 0 5 ml) are then
passed through a 0.22 micron cutoff cellulose acetate filter. Based upon analytical isoelectric focusing, five pools are
found to contain predominantly the single isoforms 1 0, 1 1 , 1 2, 1 3 and 1 4.

In a third preparation, approximately 30 mg of recombinant erythropoietin in 21 .8 ml of distilled water is applied to
the gel and focused at 2 watts for 25 minutes. 10 watts for 20 hours and 15 watts for 15 minutes. Protein bands corre-
sponding to the individual isoforms are observed visually and removed from the gel bed. Distilled water is added to gel-
isolated isoforms to generate a slurry and the resulting supernatants are analyzed by analytical isoelectric focusing An
equal volume of 1 M Tris-HCI, pH 7.2 is added to each slurry, the suspensions are placed into separate small columns
and the liquid phase is allowed to flow through the column to elute the isoforms. Each flow through is concentrated and
buffer exchanged to 20 mM sodium citrate/ 100 mM sodium chloride. pH 7.0 using Amicon disposable ultrafiltration
devices having a 10.000 dalton molecular weight cutoff. An analytical isoelectric focusing gel revealed that pools con-
taming predominantly the single isoforms 9, 1 0. 1 1 , 12, 1 3 and 1 4 were obtained.

A fourth isoform preparation used as its starting material erythropoietin containing isoforms 3-9 (prepared as

8
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described above). Prior to preparative isoelectric focusing carried out essentially as described for preparations 1-3
above, the ampholytes (Pharmalyte 2.5-5) were pre-fractionated in a Rotofor (Bio-Rad, Richmond. CA) liquid phase iso-
electric focusing cell to yield an ampholyte range more suitable for the lower isoelectric points of the starting material.
The prefractionation was carried out by mixing 6.7 mL of Pharmalyte 2.5-5 with 15 g of urea and adding purified water

5 to bring the volume to 50 mL. This mixture was fractionated in the Rotofor at 10 Watts. 1°C. for 5 1/2 hours using 0.1 M
phosphoric acid and 0.1 M sodium hydroxide as the anolyte and catholyte. respectively. The ampholyte fractions having
measured pHs of between 4.5 and approximately 6 were used in the flat-bed isoelectric focusing.

Ampholytes were removed from the isoforms using a Centrieluter (Amicon. Danvers. MA) and a 10.000 MW cutoff
Centricon (Amicon) using the following parameters: 0.18 Tris buffer pH 8.8. 100 Volts. 25-30 mA. for 3 hours. The iso-w forms were then buffer exchanged into 0. 1 M sodium chloride by gel filtration using Sephadex G-25 (Pharmacia). Ana-
lytical isoelectric focusing of the five resulting pools showed them to contain isoforms 4.5.6.7. and 8. Isoform 4 ran as
several bands, indicating that it may have undergone some degradation.

The fifth isoform preparation was modified by the addition of a pre-focusing step to the flat bed isoelectric focusing
procedure. In this modification, the protein was not added to the arrpholyte/urea/gel mixture prior to electrophoresis but

is was added to the isoelectric focusing apparatus following generation of the pH gradient in the gel bed. Following prefo-
cusmg for 75 minutes (1500 volt-hrs) the section of gel bed from 2.25-4.25 cm from the cathode was removed mixed
with the erythropoietin solution, and added back to the gel bed. Following isoelectric focusing, isoforms 10 1 1 1

2*1 3 and
14 were eluted from the gel bed and separated from the ampholytes by ultrafiltration using Centricon-10 (Amicon)
devices.

20 The pre-focusing modification was undertaken to make the ultraviolet absorbance characteristics of the isoform
preparations more similar to that of the starting recombinant erythropoietin. This improvement in spectral characteris-
tics can be seen in the ratio of absorbance at 280 and 260 nm for the isolated isoforms. The average ratio of absorbance
at 280 nm to that at 260 nm (A280/A260) for isoforms from preparations 2 and 3 (non-prefocused) is 1 36± 0 1 1 while
the average A280/A260 ratio for preparations 5 and 6 (pre-focused) is 1 .68 ± 0.20. When isoform #14 is excluded from

2s the calculation, the average A280/A260 ratios are 1 .39 ± 0. 1 1 and 1 . 74 ± 0.09 for preparations 2 & 3 and 5 & 6 respec-
tively. (Isoform 14 may have the most atypical spectrum because it is present in the smallest amounts and is thus more
subject to interferences by trace contamination by ampholyte components or because it is nearest to the electrode dur-
ing the flat bed isoelectric focusing procedure). The average AaayVW, ratio for recombinant erythropoietin prepared
according to Example 2 of Lai et al. (modified as described earlier by using Q-Sepharose as the anion exchange resin)

30 is 1.91 10.04.

As described above, the starting material for isoform preparation #6 was a recombinant erythropoietin preparation
containing isoforms 4-13. The ampholytes were pre-focused in the Rotofor apparatus as per the fourth preparation
Ampholyte fractions having measured pHs of between 3.7 and 4.8 were used for the flat bed isoelectric focusing The
lat bed was pre-focused as in run #5 and isoforms 9.10.1 1 .12 and 13 were obtained after ultrafiltration (Centricon-10)

35 to remove earner ampholytes.

Example 2: Sialic Acid Content of Recombinant Erythropoietin Isoforms

The isoforms isolated as described in Example 1 and erythropoietin purified according to procedures described in
40 La, et al supra (mixture of isoforms 9 to 14) are buffer exchanged into 0.10-0.15 M sodium chloride and analyzed for

sialic aad content by a modification of the procedure of Jourdian et al. J. Biol. Chem. 24§, 430 (1971) Ttie sialic acid
residues are cleaved from the glycoproteins by hydrolysis with 0.35 M sulfuric acid at 80*C for 30 minutes and the solu-
tions are neutralized with sodium hydroxide prior to analysis. In order to estimate the amount of erythropoietin protein
present, a Bradford protein assay (Bradford Anal. Biochem. 72, 248 (1976)) using recombinant erythropoietin having

45 the amino acid sequence of human erythropoietin as standard is performed using the assay reagents and the micro-
method procedure supplied by Bio-Rad. The results, expressed as moles of sialic acids per mole of erythropoietin are
shown in Table 1

.
Isoforms are designated according to the number of sialic acids per molecule and range from least

acidic (Isoform 9) to most acidic (Isoform 13). Isoforms 9-13 are shown in gel lanes 6-10 of Figure 1 Quantities of Iso-
form 14 are insufficient to accurately measure the sialic acid content. The sialic acid content of this isoform is inferred

so from its migration on IEF gels relative to other isoforms. The sialic acid content of isoforms 5-8 (preparation #4) has not
been measured but is likewise inferred from their migration on IEF gels.

55
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TABLE 1

ERYTHROPOIETIN
ISOFORM

MOLES SIALIC

ACID/MOLE ERYTHRO-
POIETIN

Isoform 13 12.9 + 0.5

Isoform 12 11.8±0.2

Isoform 1

1

11.0±0.2

Isoform 10 9.8 ±0.3

Isoform 9 8.9 ± 0.6

Isoform Mixture (9-14) 11.3±0.2

Example 3: Activity of Recombinant Erythropoietin Isoforms

The isoforms isolated as described in Example 1 are assayed by absorbance at 280 nm, by Bradford protein assay
and by RIA for erythropoietin to determine the amount of recombinant erythropoietin present. The exhypoxic poly-
cythemic mouse bioassay (Cotes et al. Naturem 1065 (1961)) is used to determine the relative in yjye biological
activity. Quantitation of the amount of erythropoietin protein present using a radioimmunoassay for erythropoietin pro-
duced results having higher relative in yjyo specific activity for certain isoforms because of an apparent decreased
immunoreactivity of isoforms containing large amounts of sialic acid leading to an underestimation of the erythropoietin
concentration and thus an overestimation of the relative in yjya specific activity for the most negative isoforms. Mouse
bioassay determinations, expressed as units/ml, are divided by the corresponding protein concentrations to give in vivo
specific activities expressed as units/mg erythropoietin polypeptide. These specific activities are shown in Table 2.

In Table 2, V is the number of independent isoform preparations which contribute to the specific activity value. In
most cases several in yjyo assays were performed on each isoform preparation. The same jn yjyo data contribute to the
specific activity calculations for all three columns, units/mg erythropoietin polypeptide was determined by the absorb-
ance at 280 nm, from radioimmunoassay potencies, or from Bradford protein assay results. Purified recombinant eryth-
ropoietin containing isoforms 9-14 was used as the standard in the Bradford protein assay, "h" may be less for the
calculation made using the Bradford protein assay as some preparations were no longer available at the time the Brad-
ford assays were performed.

Erythropoietin purified according to the procedures described in Lai et al.. supra and containing a mixture of iso-
forms 9 to 1 4 is used as a standard for the RIAs and in yjyo assays.

The relative specific activities expressed as units/mg erythropoietin polypeptide can be converted to units/A280 by
multiplying by 0.807 mg erythropoietin polypeptide/Agso. The conversion factor is derived by multiplying the extinction
coefficient of erythropoietin (1.345 mg/A280) by the protein content of the erythropoietin glycoprotein (about 60% by
weight, Davis et al. Biochemistry 26, 2633 (1987)) to obtain mg erythropoietin polypeptide/A28o (i.e., 1 .345 mg erythro-
poietin/Agso x 0.60 mg polypeptide/mg erythropoietin = 0.807 mg polypeptide/A^). In addition, specific activities
expressed as units/mg erythropoietin polypeptide can be multiplied by the factor 0.60 mg polypeptide/mg erythropoietin
glycoprotein to give specific activities expressed as units/mg erythropoietin glycoprotein.

10
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TABLE 2

Isoform U/mG Polypeptide (Brad-

fnrri Prntf»in Acca^•wu r iuiciii nooay /

n U/mG Polypeptide (From
AOQA\

n U/mG Polypeptide (From

nIA)

n

14 £ on*^ Ann + q7 "7nncUO.oUU lo/, /UU 2 odd,700 ± 55,900 2

13 307,600 ± 30,600 4 258,700 ± 59.500 5 337,200 ± 40.200 5

12 275,200 ± 55,600 4 258,400 ±41,700 5 287,700 ± 42,600 5

11 282,700 ±41,100 3 255.800 ± 67,300 4 251 ,400 ±62,700 4

10 188,000 ±1,900 1 170,300 ±34,500 3 171,900 ±31,600 3

9 96,600 ± 46,700 2 113.600 ± 39,600 2

8 65,200 ± 3,800 1 70,600 ±4.100 1 61 .000 ± 3,500 1

7 46,200 ± 5.800 1 50,300 ± 6.300 1 42,800 ± 5.400 1

5 16,600 ±1,700 1 18,300 ±1,900 1 15,500 ±1,600 1

The data in Table 2 are also presented graphically in Figures 2A, 2B and 2C. These data show that the relative in
vivo, activity of erythropoietin increases as a function of sialic acid content up until isoform #11. Isoforms 11-14 have
essentially the same relative in yjyQ bioactivity. (This is most apparent when the concentration of isoform 14 is

expressed using the Bradford assay value. The Bradford value may be more accurate for isoform 14 because of the
generally low levels obtained and the resulting difficulty in determination by A^ and the most apparent decreased
reactivity in the RIA of very negative forms discussed previously). The greater relative in vivo, specific activity of eryth-
ropoietin isoforms having more sialic acid is most likely due to a longer circulating half-life of these forms. Isoforms 9
and 13 were labeled with radioactive iodine

(

125
l) and their rate of clearance in rats was determined. The half-life in cir-

culation was significantly longer for isoform 13 than for isoform 9.

Example 4: Selection of Recombinant Erythropoietin Isoform Mixtures by OSepharose Chromatography

Cell conditioned media from the production of recombinant erythropoietin according to the procedures described
in Lin, supra are concentrated and diafiltered against 10 mM Tris, pH 7.2. Protein concentration is determined by the
Bradford microprotein assay using bovine serum albumin as a standard. 19.6 ml of the solution containing 40 mg of total
protein is made 20 \lM in CuS04 , filtered through a 0.45 micron cutoff filter and loaded onto a 4 ml bed volume (1 .05 cm
height x 2.2 cm diameter) column packed with Q Sepharose Fast Row (Pharmacia) which has been equilibrated with
10 mM Tris, pH 6.8 to 7.0 at 4°C. After sample application, the column is washed with two column volumes of the same
buffer. The column flow rate is about 1 ml/min. Six separate columns are set up using this procedure to select defined
erythropoietin isoform mixtures.

Columns are washed with 6 to 9 column volumes of a low pH buffer consisting of: Column #1, 150 mM acetic acid
1 mM glycine, 20 *iM CuS04 , 6 M urea adjusted to pH 4.7 with NaOH; Column #2, 200 mM acetic acid, 1 mM glycine,'

20 jaM CuS04, 6 M urea adjusted to pH 4.7 with NaOH; Column #3, 250 mM acetic acid, 1 mM glycine. 20 jiM CuS04 !

6 M urea adjusted to pH 4.7 with NaOH; Column #4, 300 mM acetic acid. 1 mM glycine, 20 ]xM CuS04 , 6 M urea
adjusted to pH 4.7 with NaOH; Column #5, 150 mM acetic acid, 1 mM glycine, 20 jiM CuS04 , 6 M urea; Column #6,
300 mM acetic acid, 1 mM glycine, 20 jiM CuS04. 6 M urea. The pH of the columns is increased to approximately pH
7 by washing each one with 8 to 1 1 column volumes of 10 mM Tris-HCI, 55 mM NaCI, 20 \iM CuS04 , pH 7. The defined
erythropoietin isoform mixtures are eluted from the columns by washing with 10 mM Tris-HCI, 140 mM NaCI 20 uM
CuS04 ,

pH 7.0.
'

The eluted isoform pools from each column are concentrated and solvent exchanged into water using an Amicon
Centricon-10 microconcentrator. The results of analytical isoelectric focusing of these concentrated pools are shown in

Figure 3. Gel lanes 1-6 represent defined erythropoietin isoform mixtures eluted from column 1-6, respectively. The
Isoform mixture" shown in the far right gel lane of Figure 3 represents cell media which is applied to a Q-Sepharose
column as described above, the column is washed with 5 mM acetic acid, 1 mM glycine, 20 jiM CuS04 . 6M urea, and
the erythropoietin isoform mixture is eluted from the column using the procedures described above. This eluted mixture
of isoforms is further purified according to the procedures described in Lai et a!., supra prior to analytical isoelectric
focusing.

11
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Example 5: Fractionation of Recombinant Erythropoietin Isoforms Using a Low pH Gradient on O-Sepharose

In another procedure, erythropoietin isoforms are separated using a gradient of decreasing pH and increasing ionic

strength. The concentrated diafittered erythropoietin containing media is loaded to a column of Q-Sepharose at a ratio

of approximately 40 mg total proteirvrnL gel. The column is then washed with approximately two column volumes of 10

mM Tris HCI, pH 7.0 and then approximately 10 column volumes of 2 mM acetic acid/1 mM glycine/20 jiM CuSCV6 M
urea (pH approximately 4.8) to remove contaminating proteins and erythropoietin isoforms containing less than approx-

imately 7 sialic acid residues. Isoforms containing from approximately 8 to approximately 12 sialic acids are eluted from

the column using a gradient starting at approximately 2 mM acetic acid in 6 M urea/1 mM glycine/20 pM CuS04 and

running to 40 mM acetic acid/6 M urea/1 mM glycine/20 \iM CuS04 (pH approximately 4). The total volume of the gra-

dient is approximately 40 column volumes and fractions of approximately one column volume each are collected into

vessels containing a volume of Tris buffer sufficient to bring the pH into the range of 6-8.5 so as to avoid long term expo-

sure of the collected fractions to low pH. Aliquots of the fractions are subjected to analytical isoelectric focusing to mon-

itor the separation. Figure 4 shows the separation of isoforms 8-1 1 which may be achieved by this procedure. Isoforms

12-14 which remain bound to the column at the end of the gradient are eluted by washing with a buffer consisting of 1

0

mM TrisHCI, 140 mM NaCI. 20 mM CuS04 (pH 7.0). The isoforms (separated during the gradient or eluted by the

sodium chloride solution) are freed of contaminating proteins by reverse phase chromatography followed by gel filtration

chromatography as described in Example 2 of Lai et al.

Example 6: Construction of Human Erythropoietin Analogs

The locations of existing carbohydrate attachment sites within the human erythropoietin amino acid sequence are

shown in Figure 5 (SEQ ID. NO: 26). Procedures for generating additional glycosylation sites for erythropoietin are sum-
marized in Figures 6A-C and described below.

The following oligonucleotide primers were synthesized for use in in vitro mutagenesis:

[Asn4
,
Set6] EPO: 5 CGCCCACCAAACCTCAGCTGTGACAGCCGA 3' (SEQ ID NO: 1)

[Asn9 Ser11
] EPO: 5' ATCTGTACAAQCGAAQGCTGGAGAGGT 3' (SEQ ID. NO: 2)

[Asn69) EPO: 5' GGGCCTGGCCAACCTGTCGGAAG 3'(SEQ ID. NO: 3)

[Asn124] EPO: 5* TCCCCTCCAGATAATGCCTCAGCTGC 3' (SEQ ID. NO: 4)

[Asn125
,
Ser127] EPO: 5' CAGATGCGAAQTCAIQIGCTCCAC 3' (SEQ ID. NO: 5)

[Asn163
,
Ser165] EPO: 5' AGGCCTGCAGGAAEGGGAGCAGATGACCAGGTG 3' (SEQ ID. NO: 6)

[Thr
125

] EPO: 5' TCCAGATGCGACCTCAGCTGCTC 3' (SEQ ID. NO: 7)

[Pro
124

.
Thr125) EPO: 5' CCTCCAGAT£CGACCTCAGCTGC 3' (SEQ ID. NO: 8)

The underlined codons show the mismatched regions where the amino acids indicated in brackets replace the wild-

type amino acids.

[Asn4
,
Ser6] EPO was constructed to add an N-glycosylation site at Asn 4. [Asn9

,
Ser11

] EPO was constructed to

add an N-glycosylation site at Asn 9. [Asn69] EPO was constructed to add an N-glycosylation site at Asn 69. [Asn125
,

Ser127] EPO was constructed to add an N-glycosylation site at Asn 125. [Thr
125

] EPO and [Pro
124

,
Thr125] EPO were

constructed to add an O-glycosylation site at Thr 125.

The following oligonucleotide primers were synthesized for use in in vitro mutagenesis:

[Asn69
,
Thr71 ] EPO: 5' GGGCCTGGCCAAQCTGACAGAAGCTGTC 3' (SEQ ID. NO: 9)

[Ser
68

,
Asn69 , Thr

71
] EPO: 5' CAGGGCCTGTCCAACCTGACAGAAGCTGTC 3' (SEQ ID. NO: 10)

[Asn125
,
Thr127] EPO: 5' CAGATGCGMQTCAACGSCTCCAC 3' (SEQ ID. NO: 11)

[Asn125
, Thr

127
, Thr

131
] EPO: 5'ATGCGAACTCMCGGCTCCACTCACAACAATCACT 3* (SEQ ID. NO: 12)

[Pro
124

,
Asn125 , Ser

127
] EPO: 5' CCAGATCCAAATTCATCTGCTCCACTC 3' (SEQ ID. NO: 13)

[Pro
124

, Asn
125 Thr127] EPO: 5' CCAGATCCAAATTCAACAGCTCCACTC 3' (SEQ ID. NO: 14)

[Thr
125

,
Thr126] EPO: 5' CCAGATGCGAQAACAGCTGCTCCA 3' (SEQ ID. NO: 15)

[Pro124 , Thr125 Thr126 , Thr131 ] EPO: Starting from [Pro
124

,
Thr125] EPO cDNA, the oligonucleotide primer 5'

AGATCCGACCACGGCTGCTCCAC 3' (SEQ ID. NO: 16) is used to generate [Pro124 ,Thr125
, Thr

126
] EPO. The oli-

gonucleotide primer. 5TGCTCCACTC£CAACAATCACTG 3' (SEQ ID. NO: 17) is then used to generate [Pro
124

,

Thr125, Thr
126

, Thr
131

] EPO.

[Asn69
,
Thr71 ] EPO and [Ser68

, Asn
69

, Thr
71

] EPO are constructed to add an N-glycosylation site at Asn 69 and to

enhance N-glycosylation at that site. [Asn125
,
Thr127] EPO. [Asn 125

,
Thr127 , Thr

131
] EPO. [Pro

124
. Asn125 . Ser

127
] EPO

and [Pro
124

,
Asn125 , Thr

127
] EPO are constructed to add an N-glycosylation site at Asn 125 and to increase glycosyla-

tion at that site. [Thr
125 Thr126] EPO and [Pro124

,
Thr125

, Thr
126

,
Ser131 ] EPO are constructed to add an O-glycosyla-

12
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tion site at Thr 125 and to increase glycosylation at that site.

The source of erythropoietin DNA for in yjiro. mutagenesis was plasmid Hu13, a human erythropoietin cDNA done
in pUC 8 (Law et al. Proc Natl. Acad. Sci. 83, 6920 (1986)). Plasmid DNA derived from Hu13 was digested with BstEII
and Bglll restriction enzymes, the resulting DNA fragments were subjected to agarose gel electrophoresis, and the 810
base pair (bp) erythropoietin DNA fragment was isolated from the gel using a GeneClean™ kit and procedures supplied
by the manufacturer (BIO 101, Inc.). Plasmid pBRgHuEPO contains the erythropoietin genomic gene as a BamHI frag-
ment inserted into a derivative of pBR322, as described in commonly owned Lin patent, supra . pBRgHuEPO was also
digested with BstEII and Bglll and the 6517 bp vector fragment was recovered. Ligation of the two fragments results in
IGT1. To construct pEC-1, pDSVL (described in commonly owned Lin patent, supra, and shown in Figure 5B) was
digested with BamHI and the isolated 2.8 kilobase (kb) BamHI fragment from IGT1 containing erythropoietin cDNA was
ligated into it.

In order to generate single-stranded DNA for in vitro, mutagenesis. pEC-1 was digested with BamHI and Bglll and
the 820 bp erythropoietin cDNA fragment was isolated. It was ligated into the BamHI site of m13mp18 to give m13-EC-
1

.
Single stranded DNA was recovered from supernatants of EcoJi strain RZ1032 infected by ml 3-EC-1 as described

by Kunkel et al. Methods in Enzymol. 154. 367 (1987) and Messing, Methods in Enzymol. 1Q1 20 (1983). For in vitro
mutagenesis approximately 1 jig of single-stranded DNA and 0.2 pmole of one of the synthetic primers described above
were mixed with 6 \x\ of buffer (250 mM Tris pH 7.8, 50 mM MgCI2 ,

and 50 mM dithiothrertol). For annealing of the primer
to the template, the reaction volume was adjusted to 10u.l with water, the mixture was heated to 65°C for 5 minutes and
then allowed to cool to room temperature. For the elongation reaction 2.5 \i\ of each of dTTP, dATP, dGTP, dCTP and
ATP (all at 10 jiM) were added, followed by 1 \l\ (1 unit) of E. cpJi DNA polymerase (Klenow fragment) and 1 jU (1 unit)
of T4 DNA ligase. The mixture was then incubated overnight at 14°C and used to transform £ epji JM 109 (Yanisch-
Perron et al. Gene 2& 103 (1985)) as described (Messing, supia).

To identify mutant clones by differential hybridization, plaques on nutrient agar were transferred to Gene Screen fil-

ters (New England Nuclear). The filters were dried under a heat lamp and then incubated for one hour in 6x SSC con-
taining 1% SDS at 60°C

.
For the hybridization, the oligonucleotide primer above (8 pmoles) was end-labeled with T4

polynucleotide kinase and y ^P-labeled ATP and incubated wfth the filters overnight in 6x SSC, 0.5% SDS and 100
mg/ml salmon sperm DNA at 37"C for the [Asn 124] mutation, 55°C for the [Asn4

, Ser
6
] mutation, 65°C for the [Thr

125
]

and the [Pro124
,
Thr125] mutations, and 70°C for the [Asn9 , Ser1

1

] and [Asn163
, Ser

165
] mutations. The next day, the fil-

ters were washed three times with 6x SSC at room temperature and subjected to autoradiography. If necessary, the fil-

ters were then washed with 6x SSC at increasing temperatures until little or no hybridization was detected to plaques
having the wild-type erythropoietin cDNA sequence. Clones that gave positive hybridization signals under these condi-
tions were identified and retransfected into JM109 to isolate a pure clone. Dideoxy chain termination sequence analysis
indicated that the mutations to asparagine, serine threonine and proline residues were present

Double sfranded ml3 EC-1 DNAs carrying the [Asn4 Ser6], [Asn9
, Ser

11
], [Asn69], [Asn124], [Asn125], [Ser

127
],

[Asn163
,
Ser165

] phr
125

], and [Pro124
,
Thr125

] changes were recovered from JM109 transfected cells by the boiling
method (Holmes et al. Anal. BiochemHZ 193 (1981)). The DNAs were digested with BstEII and Xholl and the 810 bp
erythropoietin DNA fragments were isolated. pEC-1 was digested with BstEII followed by a partial digestion with Bglll
and the 5* termini of the resulting fragments are dephosphorylated with bacterial alkaline phosphatase in 10 mM Tris,
pH 8 at 60°C for 60 minutes. The 7 kb vector fragment lacking the 810 bp BstEII-Bglll fragment was isolated and ligated
to the erythropoietin fragments above. The resulting plasmids (designated pEC-X where X is the analog number) con-
tain DNA encoding erythropoietin analogs having altered amino acid residues at the indicated positions.

Alternatively, an analog of erythropoietin (pEC34) was constructed by in vjtro mutagenesis that deleted amino acid
residues 41-55. This resulted in a smaller (775 bp) EPO containing BstEII-Bglll fragment. The fragment was inserted
into pEC1 as described above. For cloning analogs of erythropoietin, pEC34 was digested with BstEII, partially digested
with Bg1 II, dephosphorylated and the vector isolated as described above. The 7kb vector fragment was then ligated to
erythropoietin fragments as described above. Cloning with pEC34 allows easy discrimination between recombinants
and simple reclosures. Reclosures result in a smaller BstEII-Bgl II fragment than analogs and these can be easily dif-
ferentiated on agarose gels.

These general procedures were used to construct the erythropoietin analogs shown in Tables 3, 4 and 5. The DNA
sequence changes for each of the analogs are shown; otherwise the oligonucleotide primers used for mutagenesis had
sequences complimentary to those of human erythropoietin.

13
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TABLE 3

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR N-LINKED CARBOHYDRATE CHAINS

Analog No
Amino Acid
Substitution

Sequence
Changes

Nl

N2

N3

N4

N5

N6

N7

N8

N9

N10

Nil

«

N12

N13

N14

N15

Asn^Ser 6

AsnSSerii

Asni9thr2i

Asn30xhr32

Asn<2

Ser42Asn43Thr45

Ser«9

Asn5iThr53

Asn57ihr59

Asn69

Asn69Thr?i

Ser68Asn69Thr^i

Asn88Thr90

Ser87Asn88Thr90

Ser87AsnSSThr90xhr92

CGC-4AAC

ATC—>AGC

AGC->AAC

GTC->AGC

GCC-»AAC

GAG->ACG

GCT—»AAT

CAC->ACG

CCA-»AAT

CCA-»TCA

GAC-»AAC

AAA—»ACA

TAT—>TCT

TGG->AAT

AGG-»ACG

GGG—>AAC

CAG-»ACG

CTG-»AAC

CTG-»AAC

TCG-»ACA

Nil plus

GCC-+TCC

TGG—»AAT

CCC-»ACC

N13 plus

CCG->TCG

N14 plus

CAG-*ACG
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TABLE 3 (CONT'D) •

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR N-LINKED CARBOHYDRATE CHAINS

Analog
No.

Amino Acid
Substitution

Sequence
Changes

N16

N17

N18

Ser87AsnB8Thr90Alai62

Asn88ser90

Val87Asn88Thr90

N19 Ser87Asn88Gly89Thr90

N20 Asn89iie90Thr9i

N21

N22

N23

N24

Ser87Asn89ne90Thr9i

Asnll3ThrU5

AsnH8vali2i

Asni2iserl22xhri23

N25

N26

N27

N28

Asni24

Seri22Asnl24

Asnl25serl27

Asnl25Thrl27

N14 plus

AGG-K5CG

TGG-+AAT

CCC->TCC

CCG-^GTG

TGG—»AAT

CCC->ACC

CCG->TCG

TGG—>AAT

GAG—»GGG

CCC-»ACC

GAG->AAC

CCC-»ATC

CTG-»ACG

N20 plus

CCG-»TCG

GGA—>AAC

CAG->ACG

GCC-»AAC

CCT-^GTT

CCT-»AAT

CCA-+TCA

GAT—»ACT

GCG-4AAT

CCA->TCA

GCG->AAC

GCC-»AAC

GCT->TCT

GCC-*AAC

GCT->ACG
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TABLE 3 (CONT'D) -

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR N-LINKED CARBOHYDRATE CHAINS

Analog
No.

Amino Acid
Substitution

Sequence
Changes

N29 Leul2lSerl22Asnl25Thri27

N30 Thrl20Glyl22Leul23Asnl25Thrl27

N31

N32

Asnl26serl28

Asnl26Thri28vall29

N33 Leul2iseri22Asni26xhri28vali29

N34 Thrl2iGlyl23Seri25Asnl26Thri28vall29

N35

N36

N37

N38

N39

N40

N41

Seri29Asni30

Asnl32

Asnl34Thrl36
»

Asni35

Asnl36Thrl38

Asni37Thri39

Asnl38Thri40

N28 plus

CCT->CTT

CCA->TCA
N28 plus

TCC-»ACC

CGC-K5GG

GAT->CTC

TCA-+AAT

GCT-»TCT

TCA—»AAT

GCT-»ACT

CCA->GTA

N32 plus

CCT-KITT

CCA-»TCA
N32 plus
CCT-»ACG

GAT-K3GG

GCC-+TCC

CCA->AGC

CTC-4AAC

ACA->AAC

ACT—>AAT

GAC-»ACC

GCT-»AAT

GAC-»AAC

TTC-»ACC

ACT—>AAT

CGC-»ACC

TTC-»AAC

AAA—*ACA
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TABLE 3 (CONT'D)

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR N-LINKED CARBOHYDRATE CHAINS

Analog Amino Acid Sequence
No, Substitution Changes

N42 Asnl*4 GTC-»AAC

N43 Serl43Thrl49vall50 TTC-4TCC

CTC->ACC

CGG->GTG

N44 GlyI48Thrl49 TTC—K5GC

CTC->ACC

N45 Asnl55 CTG—>AAT

N46 Asnl63Serl65 ACA-*AAT

N47 Asn30Thr32val87Asn88Thr90 N4 and N18

N48 Asn69Thr7lSer87Asn88Thr90 Nil and N14
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TABLE 4

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR 0-LINKED CARBOHYDRATE CHAINS

Amino Acid Sequence
Analog No. Substitution Change

01 Ser* ATC-»AGC

02 Ser7 TGT-»TCC

03 Ser8 GAC->AGC

04 Serll GTC->TCT

05 SeriQ GAG—»TCG

06 Ser23 GAG-+TCG

07 Ser29 TGT—»AGC

08 Ser29 TGT—>TCT

09 Ser30 GCT->TCT

010 Ser33 TGC-»TCA

011 Ser37 GAG—»TCG

012 Ser49 TAT—»TCT

013 Ser61 GTA—>TCA

014 Sef63 GTC->TCC

015 Ser€7 CTG-»TCG

016 Set** GCC-»TCC

017 Ser70 CTG->TCG

018 Ser7 3 GCT->TCT

019 Ser7 4 GTC->TCT

02 0 Ser7 5 CTG-»TCG

021 Ser7 9 GCC->TCC

022 Ser^l ' TTG—>TCG

023 Ser8 6 CAG->TCG

024 Ser87 CCG-*TCG

025 Ser93 CTG->TCG

026 Ser98 GCC->TCC

027 Ser99 GTC-»TCC

028 Serl02 CTT->TCT

029 Serl03 CGC->AGT

18
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TABLE 4 (CONT'D)

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR 0-LINKED CARBOHYDRATE CHAINS

Analog No.

Amino Acid
Substitution

Sequence
mange

10 030 SeriOS CTC—»AGC

031 Seri09 CI X-T XV^X

032 Serin CiC x—HUx

15 033 Serii2 CTG—txUb

034 Serin

035 Seri28
rn v fT, /"'* rPGCT—rlL,x

036 Seri59 Tula—rtiAlj

037 Serial 1bL"^ 1

038 Prol25Seri27
flT"V \TCTX f 1 \-» X

25 039 Thr*2

040 Thr64

041 Thr65
pah—*APG

30
042 Thr88

TPP lAPP

043 Thr^O CCC—>ACC

044 Thr92
CAG—»ACG

045 ThrlOO AGT—*ACT

JO
046 ThrllO

047
TICThrll5 CAG—>ACG

048 Thrl23 GAT—ACT

40 049 Thrl24 GCG-»ACG

050 Thrl25 GCC-+ACC

051 Thri25serl27 GCC—*ACC

GCT-»TCT
45

052 Thr125Thrl26 GCC-+ACA

TCA-4ACA

053 Thr126 TCA-»ACC

50
054 Thrl27 GCT->ACT

055 Thrl30 CTC-»ACC
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5

TABLE 4 (CONT'D)

ERYTHROPOIETIN ANALOGS HAVING SITES

FOR O-LINKED CARBOHYDRATE CHAINS

Analog No
10

15

20

056

057

058

059

060

061

Amino Acid
Substitution

Thrl31

Thri36

Thr^O

Proi24 Thri25

Proi24Thri25Thri26

Proi24Thrl25Thri26Thr!3i

Sequence
Change

CGA-»ACA

GAC-*ACC

AAA—»ACA

GCG->CCG

GCC->ACC

059 plus

TCA-+ACC

060 plus

CGA->ACA

25
062 HCG C-terminal extension

30

35

40

45

TABLE 5

ERYHROPOIETIN ANALOGS HAVING SITES FOR N- AND O-LINKED CARBOHYDRATE
CHAINS

Analog No. Amino Acid Substitution Sequence Change

N01

N02

Ser^Asn^Thr90 HCG C-terminal extension

Asn3W^aFAsn^Thr90 HCG C-terminal extentsion

N14and 062

N47 and 062

Plasmids designated pDEC-X (where X is the analog number) were constructed by inserting erythropoietin cDNA into
pDECA, which is a derivative of plasmid pDSa2. The expression vector pDSa2 is generally described in PCT Applica-
tion No. WO 90/14363. pDECA was derived from pDSa2 by the following steps:

(1) The Hindlll site of PDSo2 was deleted by digesting pDSa2 DNA with Hindlll, treating the Hindlll cohesive ends
w.th E. coli DNA Polymerase (Klenow fragment) and dNTPs, and religating the blunt-ended vector. The resulting
plasmid was pDSa2AH.

(2) pDSo2AH was digested with Sail and a synthetic oligonucleotide having an SV40 splice signal with a Sail linker
attached to the 3' end of the splice signal was ligated to it. The synthetic oligonucleotide had the following sequence
(SEQ ID. NO: 18):

y ^
50

55
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10

15

20

30

35

50

5 1 TCGAGGAACTGAAAAACCAGAAAGTTAACTGGTAAGTTTAGT

CTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTGCAAATCA

AAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGTACGG

AAGTGTTACTTCTGCTCTAAAAGCTGCTGCAACAAGCTGGTCGACC 3

The resulting plasmid was pDSa2AH splice.

3) pDSa2AH splice was digested with Sal! and blunt-ended by treating the cohesive ends with T4 DNA polymerase
and dNTPs. An 820 bp. BamHI-Bglll human erythropoietin cDNA fragment was blunt-ended by the same method
and ligated to the plasmid. The resulting plasmid was pDEC-1

.

4) pDEC was digested with Kpnl and Pvull and blunt-ended by treating the cohesive ends with mung bean nucle-
ase. The plasmid was religated to delete the excised Kpnl-Pvull fragment resulting in the plasmid pDECA

pDEC-X plasmids were made from pDECA by complete digestion with BstEII followed by a partial digestion with
Bg1 II. The vector fragment lacking erythropoietin coding sequences was isolated and ligated to the 810 bp BstEH-BqUl

25 fragments containing the desired plasmid.
~

Details of the construction of some analogs having multiple amino acid changes are described below.

Construction of pDFC(N47) and pnFQ(Nflfl

pDEC(N47) which contains asn30 thr32 val87 asn68 and thr90 mutations was constructed from pDEC(N18) and
pDEC(N4). pDEC(N18) was digested with Hfndll and Bglll and a 445 bp fragment was isolated pDEC(N4) was
digested with BstEII and Hindlll and a 377 bp fragment was isolated. These two fragments were ligated into pDECA cut
with BstEII and Bg1 II as described above resulting in pDEC(N47).

pDEC(N48) which contains asn69 thr71 ser87 asn88 and thr90 mutations was constructed from pDEC(N14) and
pDEC(N11). pDEC(N14) was digested with Hindll and Bglll and a 445 bp fragment was isolated. pDEC(N11) was
digested with BstEII and Hindll and a 377 bp fragment was isolated. These two fragments were ligated into pDECA cut
with BstEII and Bg1 II as described above resulting in pDEC(N48).

Construction of pDFnfQ62) fHCG-Erythropoietin Fiisinn)

pDEC(062) was assembled from pEC1 and a 107 base pair Stul-Bglll synthetic DNA linker containing the carboxy
terminal 28 amino acids from human chorionic gonadotropin (ser-ser-ser-ser-lys-ala-pro-pro-pro-ser-leu-pro-ser-pro-

ff^/
1^^ <SEQ ,a N0: 25

) (pierce al. Ann. Rev. Biochem. 50, 465
(1981)). The sequence of the linker is as follows:

55
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5 CCTGTAGGACAGGGGACAGATCCTCTTCCTCAAAGGCCCCTCCCCCCAGCCTTC-
3

'
GGACATCCTGTCCCCTGTCTAGGAGAAGGAGTTTCCGGGGAGGGGGGTCGGAAG-

5 CAAGTCCATCCCGACTCCCGGGGCCCTCGGACACCCCGATCCTCCCACAATGA

<SEQ ID. NO: .19)

3 GTTCAGGTAGGGCTGAGGGCCCCGGGAGCCTGTGGGGCTAGGAGGGTGTTACTCTAG

(SEQ ID. NO: 20)

pECl was digested with Stul and Bglll and the 610bp DNA fragment was isolated. The synthetic linker was phos-
phorated with ATP and polynucleotide kinase and ligated with the pECl fragment into pDECA previously digested with
BstEII and partially digested with Bglll as described above.

Construction of dDEC(NIOI)

pDEC(N01) was assembled from pDEC(062) (HCG-EPO) and pDEC(N14) (Ser^Asn88!^0
). pDEC177 was

digested with Stul and Bglll and the 610bp DNA fragment containing the Ser^Asn^r90 mutations was isolated with
gene-clean. pDEC(062) was digested with Stul and Bglll and the 107 base pair fragment was isolated. These two DNA
fragments were ligated into pDECA previously digested with BstEII and partially digested with Bglll as described above.

Construction of pDECfNQ2^

pDEC(N02) was assembled from pDEC(062) (HCG-EPO) and pDEC(N47) (Asn^Thr^VaFAsn^Thr90).
pDEC(N47) was digested with Stul and Bglll and the 610bp DNA fragment containing the Asn^r^VaFAsn88^90

mutations was isolated with GeneClean™. pDEC(062) was digested with Stul and Bglll and the 1 07 base pair fragment
was isolated. These two DNA fragments were ligated into pDECA previously digested with BstEII and partially digested
with Bglll as described above.

Construction of pDEC(N16) (SeMA^Th&^e^

pDEC(N16) was assembled from pDECfNUKSer^Asn^Thr90) and pDEC258(Ala162). pDEC258 was constructed
using procedures for in yji£o_ mutagenesis described above and changing the AGG codon to GCG at position 162
pDEC(N14) was digested with Stul and Bglll and the 610bp DNA fragment containing the Ser^Asn88!^0

mutations
was isolated with GeneClean™ pDEC258 was digested with Stul and Bglll and a 210 base pair fragment was isolated
These two DNA fragments were ligated into pDECA previously digested with BstEII and partially digested with Bglll as
described above.

Construction of oDECfR1)
(R2) and (R3)

To remove glycosylate sites from pDEC(N14), m13-EPO(N14) containing ser87 asn88 and thr90 mutations was
subjected to \n yjfro mutagenesis as described above using the following primers:

5GGAGGCCGAGCAGATCACGACGG3' GLN24 (SEQ ID NO: 21)
5'CTTGAATGAGCAQATCACTGTCC3' GLN38 (SEQ ID. NO: 22)
5^TGTTGGTC£AGTCTTCCCAG3' GLN83 (SEQ ID. NO: 23)

The resulting Pjasmids were designated pDEC(R1) (gin
24 ser87 asn88 thr

90
) pDEC(R2) (gin

38
ser

87 asn88 thr
90

) and
pDEC(R3) (gin ser87 asn88 thr/

0
). m13EC-1 was also subjected to in yjtro mutagenesis with the above oligonucleotide

primers resulting in pEC10 (gin
24

) and pEC8 (gin
38

). pEC9 (gin
83

) was constructed using the primer

S'CCTGTTGGTCCAQTCTTCCCAGCS* GLN83 (SEQ ID. NO: 24)
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cDNA clones of human erythropoietin and analogs corresponding to [Asn
4

,
Set6] EPO. [Asn9 Ser11

] EPO [Asn69]

EPO, [Asn 124
]
EPO, [Asn125

. Ser
127

] EPO, [Asn163
, Ser

165
] EPO. phr125

] EPO and [Pro124
,
Thr125] EPO and cDNA

clones of analogs described in Tables 3.4 and 5, were transferred into COS-1 cells (ATCC No. CRL-1650) by electro-
poration. COS-1 cells were harvested from semi-confluent dishes, washed with medium (Dulbecco's modified essential
medium containing 5% fetal calf serum and 1% L-glutamineA)enicillin/streptomycin (Irvine Scientific)) and resuspended
at 4 x 10 cells/ml. One ml of cells was transferred to an electroporation cuvette (Bio-Rad) and eiectroporated with a
Bio-Rad Gene Pulser at 25 pFarads and 1600 volts in the presence of 100 to 200 pg of carrier DNA and 2 to 20 fig of
plasmid DNA encoding the erythropoietin analog. The eiectroporated cells were plated at 2 x 106 cells per 60 mm tissue
culture dish in 5 ml of medium. Two to four hours after plating the medium was replaced with 5 ml of fresh medium. The
conditioned medium was collected 3 to 5 days after electroporation.

Example 7: Characterization of Erythropoietin Analogs

A. Determination of Carbohydrate Addition

A volume of supernatant containing 5-20 units from COS cells transfected with erythropoietin analog cDNAs as
described in Example 6 was immunoprecipitated overnight at room temperature with a rabbit anti-erythropoietin poly-
clonal antibody. 20-80 pl of 1 :1 Protein A-Sepharose in phosphate buffered saline (PBS) was added to the immunopre-
cipitate and allowed to incubate for one hour at room temperature. The samples were centrifuged, washed with PBS
and, where indicated, the pellet was treated with N-glycanase to remove N-linked carbohydrate chains. The samples
were analyzed by 15% SDS-polyacrylamide gel electrophoresis, transferred to nitrocellulose and subjected to Western
analysis as described (Burnette etal. Anal. Biochem. U2, 195-203 (1981); Elliott etal. GeneZS, 167-180 (1989)) using
a mixture of mouse anti-erythropoietin monoclonal antibodies. One such antibody. 9G8A, is described in Elliott et al
(1989) Blood 74, Supp. 1. A. 1228.

Analysis of COS cell supernatants transfected with [Asn69] EPO and [Asn125
, Ser127] EPO cDNA revealed

increased protein size compared to human sequence erythropoietin. This increased size is indicative of an additional
N-linked carbohydrate chain (Figure 7). Treatment of supernatants from COS cells transfected with [Thr

125
] EPO and

[Pro
,
Thr *} EPO cDNA with N-glycanase revealed an increased protein size compared to human sequence eryth-

ropoietin. This increased size is indicative of an additional O-linked carbohydrate chain (Figure 8). Western blot analysis
of other selected analogs is shown in Figure 10.

To determine the number of N-linked carbohydrate chains attached to EPO, partial N-glycanase digestions were
performed. Analogs or rHuEPO were expressed in CHO cells and conditioned serum free medium was collected Tubes
contained 40 units of EPO (volume adjusted to 1 5 pl with H20) To each tube was added 1 0 pi 0.5% SDS and each sam-
ple was boiled for 3 minutes. Then the following components were added, 10.8 pi 0.5M NaP04 pH8.6, 5pl 7.5% nonidet
P40 and 1.5 pi of 250 unit/ml N-glycanase (Genzyme). Samples were incubated for the indicated times at 37°C The
reaction was stopped by the addition of SDS-PAGE sample buffer (see above) and then subjected to SDS-PAGE west-
ern analysis (10% acrylamide) using an anti-EPO polyclonal antibody and a anti-rabbit Vectastain™ kit (Vector labora-
tories) with 4-chloronaphthol as substrate. An analysis of N-linked chains using this method is shown in Figure 1 1 for
human erythropoietin and analog N1 4.

B. Assays for erythropoietin analog activity

RIAs were performed according to Egrie et al., supra . ElAs were performed with CLINIGEM™ EIA kit (R and D Sys-
in yjvp. biological activity of erythropoietin analogs was deter-

mined on supernatants from CHO cells expressing an erythropoietin analog or on purified erythropoietin obtained fromCHO cell conditioned medium as described below using the exhypoxic polycythemic mouse bioassay (Cotes et al
Slipia).

In YjfrQ erythropoietin activity was determined by the erythroid colony forming assay as described by Iscove et ai
J. Cell Physiol. 83, 309-320 (1974) with modifications. The mononucleated cells from human bone marrow cells were
partially purified on a ficoll-paque cushion and washed in Iscove medium before plating to remove the adherent cells
The culture medium contained 0.9% methyl cellulose and did not include any bovine serum albumin. The erythroid col-
onies were scored after 8 to 1 0 days of culture.

The erythropoietin analogs transfected and expressed in COS cells as described in Example 6 were analyzed in
crude COS cell supernatants using RIA, EIA and an erythroid colony forming assay. Purified human sequence erythro-
poietin has an in yjtfo activity that was comparable to the RIA activity as determined by the above-mentioned assays
The analogs [Asn69

]
EPO. (Thr

125
) EPO and [Pro124

, Thr
125

] EPO exhibited an in vitro activity that was comparable to
the RIA activity and gave evidence of having additional carbohydrate chains (as determined in Section A) [Thr125] EPO
and analogs N4, N1 1, N14, N16, N18. N47. N48, 062, N01 and N02 were analyzed further by transfecting a cDNA
clone encoding the erythropoietin analog into CHO cells, and subjecting the CHO cell supernatants to RIA or EIA and
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in viye biological assays. The results are shown in Table 6. ]n vjyo activities for analogs R1. R2 and R3 expressed
CHO cell supernatants are shown in Table 7.

TABLE 6

ERYTHROPOIETIN ANALOGS HAVING

ADDITIONAL CARBOHYDRATE CHAINS

N-Linkeda

Chains

O-Linked
In Vivo0
Art-ivitv

EPO Sequence Chains RIA or EI

A

Human 3C Id 0.6

3 to 4C n.t

.

1.1

Asn5lThr53 4 n. t. n.t.

A3n57xhr59 4 n.t. n.t.

Asn^9 4 reducede n.t.

Asn€9thr71 4 n.t. 0.25-0.7

Ser68Asn69Thr71 4 n.t. n.t.

Val87A3n88Thr90 4C n.t. 1.8

Ser87Asn88Thr90 3 to 4 C normal 1.0

Ser87A3n88Gly89Thr90 4 n.t. n.t

.

Ser87A3n88Thr90Thr92 4 reducede n.t.

A3n89iie90Thr91 4 n.t. n.t.

Ser87A3n89iie90Thr91 4 n.t. n.t.

Ser87A3n88Thr90Aia162 4 n.t. 1.8

A3n136xhrI38 3 to 4 n.t. n.t.

Asnl38Thrl40 3 to 4 n.t. n.t.

A3n69xhr71Ser87A3n88Thr90 4 to 5 n.t. 0.025-0.25

Asn30Thr32val87A3n88xhr90 4 to 5C normal 1.8

Thr*23
#

3 1 and 2f n.t.

Thrl25
»

*
3 1 and 2 t 0.7

Prol24Thrl25 3 1 and 2f n.t.

HCG C-terminal extension 3
•

at least 39 1.0-1.3

Ser87A3n88Thr90
HCG extension .

4 at least 39 1.5

A3n30xhr32val87A3n88Thr90
HCG extension 4 to 5 at least 39

•

JO.

8
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TABLE 6 FOOTNOTES

aThe number of additional N-linked chains was estimated
based upon the mobility of the analog polypeptides in SDS
gels as described in Example 7A.

bRatio of in vivo activity of analog to amount of
erythropoietin analog. Activity measurements were done on
CHO cell supernatants of analogs using the mouse
polycythemic bioassay. Quantities of erythropoietin
analogs in CHO cell supernatants were determined by RIA or
EIA as described in the text.

cConfirmation of the number of additional carbohydrate
chains was made by examining the glycoprotein migration in
SDS-gels after partial N-glycanase digestion as described
in Example 7A.

<*0-linked chain at Seri26 i s present on 70% of human
erythropoietin molecules

.

^Analogs having reduced O-glycosylation have a carbohydrate
chain at Ser*26 on less than 70% of the molecules.

fThr!23 EPO has two O-linked chains on greater than 60% of
the molecules. Thr*25 EPO has two O-linked chains on
about 40% of the molecules. Pro124Thr125 EPO has two
O-linked chains on greater than 80% of the molecules.
»

9These analogs have at least three O-linked chains and may
have four or five. HCG alone is known to have four
O-linked chains.

N.T. NOT? TESTED

25



EP 0 640 619 B1

TABLE 7

5

10

15

20

ACTIVITY OF HUMAN ERYTHROPOIETIN AND ANALOGS HAVING CARBO-
HYDRATE SITE REARRANGEMENTS

EPO Seauence Kl-I in IfcvH f^hainelv-l_JIir\oU Ol idJllo in vivo Mcuvny niM or

EIA

Human 3 0.69

Gin24 2 0.16

Gin38 2 0.16

Gin83 2 0.23

Gln^Ser^Asn^Thr90 <
R1

) 3 0.69

Gln^Ser^Asn^Thr90 («) 3 0.41

Gln^Ser8W^Thr90
3 0.50

Ser^Asn^Thr90 3 to 4 1.48

Ratio of in yjvQ activity to RIA or EIA was determined as described in footnote a
of Table 6.
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C. Preparation of Isofbrm Mixtures Derived from Erythropoietin Analogs

fThr^i EPO (EPO Osm

The erythropoietin analog [Thr125
] EPO was constructed as described in [Section A] Example 6. An 810 bp. eryth-

ropoietin cDNA fragment carrying the [Thr125] mutation was isolated by cleaving the plasmid pEC containing the
[Thr °] mutation with BslEII and Bglll and ligating the fragment to pDECA, [a derivative of pDSa2] (described in Exam-
ple 6).

Plasmid pDECA containing [Thr125
] erythropoietin cDNA was transfected into DHFR<ieficient CHO cells. 770 ml of

CHO cell conditioned medium was concentrated using a 10,000 daJton molecular weight cut-off membrane and diafil-
tered agajnst 10 mM Tris-HCI, pH 8.6 to a final volume of 34 ml. A 17 ml. aliquot of the concentrate was loaded onto a
Q-Sepharose fast flow column (5 ml bed volume) equilibrated in the same buffer and eluted in a linear gradient of 0-250mM NaCI in 10 mM Tris-HQ, pH 8.6. Aliquots of column fractions, either untreated or digested with N-glycanase were
analyzed by SDS-PAGE or IEF and pools (designated 2, 3 and 4) were made based upon the isoform and/or carbohy-
drate composition of the fractions. Each pool was loaded onto a Vydac C4 column (214TPB 2030; 1 cm diameter; 1 .8-

2.5 ml bed volume; 0.34 ml/min) and washed with two column volumes of 20% ethanol in 10 mM Tris-HCI pH 7 o' The
columns were eluted with linear gradients of 20-94% ethanol, 10 mM Tris, pH 7.0. Pools were made, diluted into 10 mM
Tris-HCI, pH 7.0, and loaded onto Q-Sepharose fast flow columns. Following a wash in 10 mM Tris-HCI pH 7 0 the
samples were eluted with 20 mM sodium citrate, 250 mM NaCI, pH 7.0. The purified |Tnr125

] pools were analyzed by
IEF and are shown in Fig. 9. These pools were also analyzed for jn yjyo biological activity as described above (Cotes
et al., supra) and the results shown in Table 8.

Ser^Asn^Thr^ EPO (EPO N14)

so Prep. 1

The EPO N14 analog was purified using a three step procedure consisting of ion exchange chromatography,
reverse phase chromatography and gel filtration chromatography. During the ion exchange step, fractions were pooled
to give a mixture of isoforms having high levels of sialic acid. Two additional pools were made during reverse phase
chromatography containing the analog with or without aggregate. The details of the purification are set out below.

1
.
Conditional medium from CHO cells expressing the EPO N14 analog was harvested and concentrated approxi-

mately 2.5-fold using a stirred cell with YM10 membrane (Amicon) and diafiltered against 10mM Tris pH 8.5.
2. The concentrated medium was loaded at -12 A280/ml resin to Q-Sepharose FF (Pharmacia) column equilibrated
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in 10mM Tris pH 8.5 at a flow rate of 0.2 cm/min.

3. Following the load, the column was washed with 3 column volumes (CV) of 10mM Tris pH 8.5 and eluted with a
gradient of 0-0.5M Nad/IOmM Tris pH 8.5 in 50CV. 1CV fractions were collected.

4. A sample of each fraction was run on an IEF gel pH 3-5. Based on the isoform distribution on IEF, a fraction pool
containing largely isoforms 1 1-18 was made. EDTA was added to the pool to 1mM final concentration.

5. The isoform pool was loaded at ~5 fi^^^ r©sin to a reverse phase C4 column (Vydac) equilibrated in 20% eth-

anol/10mM Tris pH 7.0 at a flow rate of 2.5 cm/min. The column was washed with 1CV of 20% ethanol/10mM Tris

pH 7.0 and eluted with a gradient of 20-94% ethanol/10mM Tris pH 7.0 in 30CV at a flow rate of 1 cm/min. 0.2CV
fractions were collected.

6. A sample of each fraction was analyzed by non-reducing 12% SDS-PAGE. Two separate pools were made
based on the presence of aggregate observed on SDS gels. Pool #1 contained EPO analog but no aggregate. Pool
#2 contained both EPO analog and aggregate.

7. Pool #1 was concentrated approximately 65-fbld and pool #2 approximately 250-fold using Centricon 10's (Ami-
con). Each pool was buffer exchanged into 20mM NaCitrate/100mM NaCI pH7.0.

8. Each pool was individually purified on HPLC BioSil SEC-250 (BioRad) column equilibrated in 20mM NaCi-
trate/100mM NaCI pH7.0. Pools were loaded at <6 A280/ml resin at a flow rate of 2.26 cm/min. Peaks correspond-
ing to monomeric analogs were collected from each run.

9. The absorbance of each pool was measured and a portion of each pool was concentrated for analysis by SDS-
PAGE and IEF gels. Pool #1 had a distribution of isoforms 15-17 and was used for pharmacokinetic and receptor
binding studies.

Prep, 2

EPO N14 analog was purified using a three step procedure consisting of ion exchange chromatography, reverse
phase HPLC, and hydroxylapatite chromatography. During the ion exchange step, the analog was divided into three
pools containing different mixtures of isoforms. The details of the purification are set out below.

1
.
Supernatant from CHO cells expressing EPO N1 4 were harvested and concentrated approximately 1 0-fold using

a Filtron Mini-Ultrasette tangential flow device and diafiltered against 10mM Tris pH 8.5.

2. Trie concentrated medium was loaded at -10 fi^eo/ml resin to Q-Sepharose FF (Pharmacia) column equilibrated
in 10mM Tris pH 8.5 at a flow rate of 0.2 cm/min.

3. Following the load, the column was washed with three column volumes (CV) of 10mM Tris pH8.5 and eluted with
a gradient of 0-0.5M NaCI/10mM Tris pH 8.5 in 50CV. 1 CV fractions were collected.

4. A sample of each fraction was run on an IEF gel pH 3-5. Three separate fraction pools were prepared based on
the isoform distribution as determined by IEF A low isoform pool (isoform 4-12), a medium isoform pool (isoform 5-

15). and a high isoform pool (isoform 6-18) were made.
5. Each isoform pool was individually purified on a Vydac C4 reverse phase HPLC column. The column was devel-
oped with a gradient from 0.1% TFA/H20 to 0.1% TFA/75% acetonitrile at a rate of 1% increase in acetonitrile per
minute.

6. The analog peak from each pool was collected and diluted with 4 volumes 80mM Tris HC1/20mM Tris base, then
concentrated and buffer exchanged into 10mM Tris pH 7.2 using solvent resistant Centricon 3's.

7. Each sample was diluted to 2 A28o/ml in 10mM Tris pH 7.2 and an equal volume of 4M Guanidine HC1 (GuHC1 ).

10mM CHAPS, 10mM Tris pH 7.2 was added for a final sample concentration of 1 Agso/ml. Each sample was
loaded onto a hydroxylapatite minicolumn equilibrated with 2M GuHC1, 5mM CHAPS. 10mM Tris pH 7.2. The col-
umn was washed with equilibration buffer and 1 CV fractions of flow through were collected.

8. The absorbance of fractions was measured and pools were made and buffer exchanged into 10mM Tris pH 7.2
using Centricon 10's. Trie absorbance of each pool was measured.

TTie final pools were analyzed by SDS-PAGE and IEF gels. The IEF gels are shown in Figure 12. The RIA and in
vivo, activity assays were performed as described in Example 7A. The |n yjya activity of the final isoform pools is

reported in Table 8. The high sialic acid isoform pool was used in experiments to determine the increase in the hemat-
ocrit of mice.
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TABLE 8

ACTIVITY OF ISOFORMS FROM ERYTHROPOIETIN ANALOGS

EPO Sequence Isoform Pool In vivo activity u/mg.

peptide
8

Thr125

Ser^Asn88^90

Isoforms 8-12

Isoforms 9-15

Isoforms 13-15

Isoforms 7-12

Isoforms 10-14

Isoforms 12-17

147,000b

215,000b

1 1 1 ,000
b

1 32,000 + 1 7,000

233.000 ± 39,000

272,000 ±14,000

Milligrams of erythropoietin peptide were calculated from A2B0 of the

Ser^Asn88!"**90 EPO isoform pools using an extinction coefficient ol

0.93 for a 1 mg/ml solution.
b
Standard deviations tor Thr125 EPO isoform pools are not reported

since activity assays were done either once or twice.

Example 8: Biological Properties of EPO N14 Analog

The activities of isoform pools of EPO N14 analog, recombinant human erythropoietin (rHuEPO) and isolated
rHuEPO isoform 14 were compared in i.v. pharmacokinetic assays, receptor binding assays and hematocrit studies
EPO N14 isoform pools were prepared as described in Example 7C. rHuEPO was prepared according to Lai et al.
supra. rHuEPO isoform 14 was purified as follows: rHuEPO consisting of a mixture of isoforms 10, 1 1 , 12, 13, 14 and
15 was loaded to a Q-Sepharose Fast Flow column (Dimensions = 2.2 cm dia. X 3.4 cm ht.) equilibrated in 10 mM Tris
pH 7.2. The loaded column was equilibrated to 2mM acetic acid / 6 M urea ("A" buffer) then a multiphasic gradient
designed to optimize purification of isoforms 13 and 14 was run. The gradient was 0% to 7.3% 800 mM acetic acid / 6M urea ("B" buffer) in 750 mL. 7.3% to 1 1 .4% "B" buffer in 750 mL, 1 1 .4% to 26.8% "B" buffer in 1250 mL, 26 8% to
62.4% "B" buffer in 1250 mL, then 62.4% to 100% "B" buffer in 700 mL. Fractions of 12.5 mL were collected, neutralized
with ammonium hydroxide, then assayed by isoelectric focusing in polyacrylamide gels. Those fractions containing pure
isoform 14 were pooled together, concentrated with an Amicon stirred cell equipped with a YM-10 membrane then
buffer exchange to water.

A. IV Pharmacokinetics

Two separate studies were performed to compare the pharmacokinetic parameters of EPO N14 analog (isoforms
15-17) and isolated isoform 14 to rHuEPO.

In each study 1 nCi of either 125
l-isoIated isoform 14,

125l-EPO N14 analog, or
125

l-recombinant human erythropoi-
etin (Amersham) was injected intravenously into a carotid cannula in male Sprague-Dawley rats weighing between 310-
378g. At various time points after administration, 0.3ml of blood was collected and serum was prepared by centrifuga-
tion. The l-EPO (either recombinant human, isolated isoform 1 4, or EPO N 1 4 analog) concentration in 0. 1 ml of each
swum sample was then determined following an overnight 4°C incubation with 90% ethanol. The ethanol-precipitated

l-EPO in each serum sample was counted in a gamma counter and the resulting pharmacokinetic curves are shown
in figure 13. The pharmacokinetic parameters were determined for each rat using PCNONLIN 4.0 nonlinear regression
analysis (Statistical Consultants. 1992) and the results for each group were averaged. The results from the EPO N14
analog and the isolated isoform 14 pharmacokinetic studies are summarized in Table 9.

As seen in Table 9, there is a significant difference in the serum clearance of EPO N14 analog when compared to
that calculated for recombinant human erythropoietin. The recombinant human erythropoietin displayed the fastest beta
half-life of 3.10 hrs compared to 3.97 hrs for isolated isoform 14 and 4.36 hrs for EPO N14 analog. The recombinant
human erythropoietin group also had the fastest clearance half-life of 1 .78 hrs compared to 2.40 hrs for isolated isoform
14 and 3.03 hrs for EPO N14 analog.
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B. Receptor Binding Assays

TTie interaction of EPO N14 analog (isoforms 15-17) with the erythropoietin receptor was studied by a cold dis-
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placement assay using human erythroleukemia OCIM1 cells (Papayannopoulou etal. Blood g4(supp.1), 116a (1984)).

Increasing concentrations of unlabeled EPO N14 were incubated with OCIM1 cells along with a constant concentration

of
125

l-rHuEPO to determine the amount of EPO N1 4 required to compete with 125
l rHuEPO for binding to the receptor.

As a comparison, increasing concentrations of unlabeled rHuEPO were also competed with a constant concentration

of
125

l-rHuEPO.

Unlabeled EPO N14 was diluted in assay buffer and added in amounts of 0.03ng, 0.1ng, 0.3ng, I.Ong, 3.0ng.

10.0ng, and 30.0ng (based on peptide mass). 0.5ng of
125

1-recombinant human EPO were added to all assay tubes fol-

lowed by the addition of approximately 0.5x106 OCIM1 cells. The assay tubes were then incubated at 37°C in a shaking

water bath for 2 hours. Following the incubation, the solutions were centrifuged through a dibutyl phthalate/bi-phthalate

oil solution to separate unbound 125l-rHuEPO from 125l-rHuEPO bound to OCIM1 cells. Cell pellets were isolated and
the amount of

125l-rHuEPO bound to the cells was determined by gamma counting. Counts specifically bound to the

cells were calculated and the concentration of unlabeled protein required to compete 50% of the
125l-rHuEPO binding

in the absence of competitor was determined by linear regression analysis.

The results of three assays indicated that an average of 2.67 ± 0.73ng of unlabeled EPO N1 4 peptide was required

to reduce 125l-rHuEPO binding to OCIM1 cells by 50%. In the same three assays, unlabeled rHuEPO required an aver-

age of 0.51 ± 0.15 ng to compete with the binding of 0.5ng of
125l-rHuEPO. Based upon these results, a 5.25 fold excess

of EPO N1 4 was required to compete the binding of
125l-rHuEPO to the EPO receptor compared to unlabeled r-HuEPO

(p<0.01).

An additional experiment was performed to make a direct comparison between EPO N14 analog, isolated isoform

1 4, and recombinant erythropoietin for binding to the erythropoietin receptor. The results of this experiment indicate that

EPO N14 analog had a lower affinity for the receptor than isolated isoform 14. An approximate two-fold excess of EPO
N14 analog was required to compete the binding of

125l-rHuEPO to the receptor compared to unlabeled isoform 14
(Figure 14).

C. Hematocrit Study

An in yjve study was performed to compare the ability of EPO N14 high and low isoform pools (from prep 2
described in Example 7C), isolated isoform 14, and recombinant human EPO to increase the hematocrit of treated

mice. The isoform distribution of EPO N14 high and low isoform pools used in this study is shown in Figure 12.

CD1 mice (about 30g) were injected intraperitoneaJly three times per week for a totaJ of six weeks with one of the

above preparations prepared in 0.25% mouse serum albumin, or with placebo (PBS with 0.25% mouse serum albumin).

The dosage of erythropoietin preparations was based on peptide mass, so that a 30g mouse received either 0.071fig
of peptide/dose for EPO N14 high pool, EPO N14 low pool, isoform 14, and r-HuEPO standard. An additional dosage
group of 0.036*ig of peptide/dose was included for EPO N14 high pool and isoform 14. The hematocrits of all mice were
determined at baseline and twice weekly thereafter by retroorbital bleeds. At the conclusion of the experiment, serum
from all animals was collected and assayed for antibodies to the injected product. Data from animals judged to be neg-
ative for neutralizing antibodies was used for subsequent analysis.

As shown in figure 15, animals treated with the EPO N14 high isoform pool attained the highest group average
hematocrits compared to the other preparations. Isoform 14, recombinant human EPO and the EPO N14 low isoform

pool increased hematocrit to a lesser extent.

In order to compare the different erythropoietin preparations in a more quantitative manner, the average initial rate

of hematocrit rise (0-11 days), area under the curve (0-39 days), and the total hematocrit increase were calculated

(Table 10). By any of these criteria, the EPO N14 high isoform pool appears to be more active on a peptide mass basis

than any other preparation tested. Both the EPO N14 high isoform pool and isoform 14 were more active than recom-
binant human EPO. The EPO N14 low pool had the lowest activity when any of the analyses was used for comparison.
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TABLE 10

EFFECT OF EPO N14 (HIGH AND LOW ISOFORM POOLS), ISOFORM 14 AND rHuEPO ON THE HEMA-
TOCRITOFMICE

Preparation Dose (jig) Rate of Hct Rise 1 Area Under Curve2 Total Hct Increase3 (Hct

(points/day) points)

N14 High Fool 0.071 "
t46 619 25^4

Isoform 14 0.071 1.19 546 22.6

N14 High Pool 0.036 0.98 428 19.1

Isoform 14 0.036 0.76 284 10.7

r-HuEPO 0.071 1.0 424 17.5

N14 Low Pool 0.071 0.5 212 9.3

Initial rate of hematocrit rise was calculated from days 0- 1 1 by linear regression.
Area under the curve was calculated from day 0-39 by trapezoidal summation.
^otal hematocrit increase was calculated as the group average hematocrit on day 39 minus group average hemat-
ocrit at baseline.

While the invention has been described in what is considered to be its preferred embodiments, it is not to be limited
to the disclosed embodiments, but on the contrary, is intended to cover various modifications and equivalents included
within the spirit and scope of the appended claims, which scope is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalents.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Amgen Inc.

(ii) TITLE OF INVENTION: Erythropoietin Analogs

(iii) NUMBER OF SEQUENCES : 26

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Amgen Inc.
(B) STREET: Amgen Center, 1840 DeHavilland Drive
(C) CITY: Thousand Oaks
(D) STATE: California
(E) COUNTRY: U.S.A.
(F) ZIP: 91320-1789

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.25

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1

:

CGCCCACCAA ACCTCAGCTG TGACAGCCGA

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2

ATCTGTACAA CCGAAGCCTG GAGAGGT 27

10

15

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GGGCCTGGCC AACCTGTCGG AAG 23

25

30

(2) INFORMATION FOR SEQ ID N0:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDJ35NESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

35

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:

4

TCCCCTCCAG ATAATGCCTC AGCTGC 26

40

45

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

50

55

(ii) MOLECULE TYPE: CDNA

33



EP 0 640 619 B1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CAGATGCGAA CTCATCTGCT CCAC

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) sequence description: seq id no: 6:

. jGCCTGCAG gaatgggagc agatgaccag gtg

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

<D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

T~~_AGATGCG ACCTCAGCTG CTC

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

CCTCCAGATC CGACCTCAGC TGC
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(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

GGGCCTGGCC AACCTGACAG AAGCTGTC

) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

CAGGGCCTGT CCAACCTGAC AGAAGCTGTC

(?) INFORMATION FOR SEQ ID NO: 11;

(i) SEQUENCB CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ZD- NO: 11:

CAGATGCGAA CTCAACGGCT CCAC
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(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

* ATGCGAACTC AACGGCTCCA CTCACAACAA TCACT

(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

CCAGATCCAA ATTCATCTGC TCCACTC

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

CCAGATCCAA ATTCAACAGC TCCACTC
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(2) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDBDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15:

CCAGATGCGA CAACAGCTGC TCCA

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDBDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

AGATCCGACC ACCGCTGCTC CAC

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDBDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

TGCTCCACTC ACAACAATCA CTG
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(2) INFORMATION FOR SEQ ID NO: 18:

{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 184 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

TCGAGGAACT GAAAAACCAG AAAGTTAACT GGTAAGTTTA GTCTTTTTGT CTTTTATTTC

AGGTCCCGGA TCCGGTGGTG GTGCAAATCA AAGAACTGCT .
CCTCAGTGGA TGTTGCCTTT

ACTTCTAGGC CTGTACGGAA GTGTTACTTC TGCTCTAAAA GCTGCTGCAA CAAGCTGGTC

GACC

(2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 107 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : double

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

CcfGTAGGAC AGGGGACAGA TCCTCTTCCT CAAAGGCCCC TCCCCCCAGC CTTCCAAGTC

CATCCCGACT CCCGGGGCCC TCGGACACCC CGATCCTCCC ACAATGA

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

GATCTCATTG TGGGAGGATC GGGGTGTCCG AGGGCCCCGG GAGTCGGGAT GGACTTGGAA

GGCTGGGGGG AGGGGCCGAG GAAGAGGATC TGTCCCCTGT CCTACAGG

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

GGAGGCCGAG CAGATCACGA CGG

(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:

CTTGAATGAG CAGATCACTG TCC

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:

CTGTTGGTCC AGTCTTCCCA G

(2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

TGTTGGTC CAGTCTTCCC AGC

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro lie Leu Pro Gin
20 25

(2) INFORMATION FOR SEQ ID NO: 26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 193 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu15 10 15

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu
20 25 30

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu
35 40 45

Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu
50 55 60

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg
65 70 75 80

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu
85 90 95

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser
100 105 110

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly
115 120 125

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu
130 135 140

Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He
145 150 .155 160

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu
165 170 175

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp
180 185 190

Arg

Claims

1
.

An analog of human erythropoietin having at least one additional site for N-glycosylation at any one of amino acid
positions 30, 51. 57, 88, 89, 136 and 138 and wherein at least one additional N-linked carbohydrate chain is
attached at any one of said amino acid positions.

2. The analog of claim 1 which is the product of expression of an exogenous DNA sequence.

3. An analog of human erythropoietin which is:

Asn^Thr^Val^Asn^Thr90 EPO.
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4. An analog of human erythropoietin selected from the group consisting of:

Asn^r32 EPO;
Asn^Thr53 EPO;

s Asn^Thr59 EPO;
Val^Asn^Thr90 EPO;

Ser^Asn^Thr90 EPO;
Ser^Asn^Gly8*^90 EPO;

Ser^Asn^Thr^r92 EPO;
io Ser^Asn^Thr^Ala 1 62 EPO;

Asn^r^Ser^Asn88™^0 EPO;
Asn^lle^Thr91 EPO;

Se^Asn^lle^r91 EPO;
Asn136

Thr138 EPO; and
15 Asn138Thr140 EPO.

5. An analog of human erythropoietin comprising an extension of one or more amino adds from the carboxy terminus
of erythropoietin wherein the extension includes at least one glycosylation site.

20 6. The analog of claim 5 wherein the extension comprises a peptide fragment derived from the carboxy terminus of
human chorionic gonadotropin.

7. The analog of claim 6 selected from the group consisting of:

25 (a) human erythropoietin having the amino acid sequence Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-
Ser-Pro-Ser-Arg-Leu-Pr(>^ extending from the carboxy terminus:

(b) the analog in (a) further comprising Ser^Asn^Thr90 EPO; and

so
(C) the analog in (a) further comprising Asn30Thr32Val87Asn88Thr90 EPO.

8. An analog of human erythropoietin comprising a deletion of one or more glycosylation sites in human erythropoietin
and an addition of an equal number of non-naturally occurring glycosylation sites.

35 9. The analog of claim 8 wherein the non-naturally occurring glycosylation site is an N-linked carbohydrate site at
amino acid position 88 of human erythropoietin.

10. The analog of claim 9 selected from the group consisting of:

40 Gln^Sei^Asn^r90 EPO;
Gln^Sei^Asn^r90 EPO; and
Gln^Ser^Asn^r90 EPO.

11. An analog of human erythropoietin having an additional site for O-glycosylation at amino acid position 123 and
45 wherein an additional O-linked carbohydrate chain is attached at said amino acid position.

12. A DNA sequence encoding an analog of human erythropoietin according to any one of claims 1 to 11.

13. A eucaryotic host cell transfected with a DNA sequence according to claim 12 in a manner allowing the host cell to
so express an analog of human erythropoietin.

14. A pharmaceutical composition comprising a therapeutically effective amount of an erythropoietin analog according
to any one of claims 1 to 1 1 together with a pharmaceutical acceptable diluent, adjuvant or carrier.

55 Patentanspruche

1
.

Ein Analogon von menschlichem Erythropoietin mit mindestens einer zusatzlichen Stelle for die N-Glykosylierung
an irgendeiner der Aminosaurepositionen 30, 51, 57, 88, 89, 136. 138 und wobei mindestens eine zusatzlich N-
gebundene Kohlenhydratkette gebunden ist an irgendeiner dieser Aminosaurepositionen.
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2. Das Analogon nach Anspruch 1 , das das Produkt der Expression einer exogenen DNA-Sequenz ist.

3. Ein Analogon von menschlichem Erythropoietin, namlich: Asn^Th^Val^Asn^r90 EPO.

4. Ein Analogon von menschlichem Erythropoietin, ausgewahlt aus der Gruppe bestehend aus:

Asn^Thr32 EPO;

Asn^Thr53 EPO;
Asn^Thr59 EPO;

Val^Asn^Thr90 EPO;
Ser^Asn^Thr90 EPO;
Ser^Asn^Gly^r90 EPO;
Ser^Asn^Thr^r92 EPO;
Ser^Asn^Trir^Ala162 EPO;
Asn^r^Ser^Asn^r90 EPO;
Asn^lle^Thr91 EPO;
Ser^Asn^lle^Thr91 EPO;
Asn136Thr 138 EPO; und
Asn138Thr140 EPO.

5. Ein Analogon von menschlichem Erythropoietin, umfassend eine Verlangerung von einer oder mehreren Amino-
sauren an dem Carboxyterminus von Erythropoietin, wobei die Verlangerung mindestens eine Glykosylierungs-
stelle einschlieBt.

6. Das Analogon gemaB Anspruch 5, wobei die Verlangerung ein Peptidfragment umfaBt, abgeleitet von dem Car-
boxyterminus von menschlichem Choriongonadotropin.

7. Das Analogon gemaB Anspruch 6, ausgewahlt aus der Gruppe bestehend aus:

(a) menschlichem Erythropoietin, das die Aminsosauresequenz Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-
Leu-Prc-Ser-Pro-Ser-Arg-Leu-Pro^ly-Pro-Ser-Asp-Thr-Pro-lle-Leu-Pro-GIn hat die den Carbcocyterminus
verlangern;

(b) dem Analogon gemaB (a), ferner umfassend Ser^Asn^Thr90 EPO; und

(c) dem Analogon in (a), ferner umfassend Asn^Thr^Vai^Asn^Thr90 EPO.

8. Ein Analogon von menschlichem Erythropoietin, umfassend eine Deletion von einer oder mehreren Glykosylie-
rungsstellen in menschlichem Erythropoietin und eine Addition von einer gleichen Anzahl von nicht naturlich vor-
kommenden Glykosylierungsstellen.

9. Das Analogon gemaB Anspruch 8. wobei die nicht naturlich vorkommende Glykosylierungsstelle eine N-gebun-
dene Kohlenhydratstelle an der Aminosaureposition 88 des menschlichen Erythropoietins ist.

10. Das Analogon gemaB Anspruch 9, ausgewahlt aus der Gruppe bestehend aus:

Gln^Ser^Asn^r90 EPO;
Gln^Ser^Asn88!^90 EPO; und
Gln^Se^W^Thr90 EPO.

11- Ein Analogon von menschlichem Erythropoietin, das eine zusatzliche Stellefurdie O-Glykosylierung an der Ami-
nosaureposition 123 hat und wobei eine zusatzliche O-gebundene Kbhlenhydratkette gebunden ist an dieser Ami-
nosaureposition.

12. Eine DNA-Sequenz, die ein Analogon von menschlichem Erythropoietin gemaB einem der Anspruche 1 bis 11
codiert.

13. Eine eukaryotische Wirtszelle, transfiziert mit einer DNA-Sequenz gemaB Anspruch 12 in einer Art und Weise, die
der Wirtszelle erlaubt, ein Analogon von menschlichem Erythropoietin zu exprimieren.
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14. Eine pharmazeutische Zusammensetzung, umfassend eine therapeutisch wirksame Menge eines Erythropoietin-
Analogons gemaG einem der Ansprflche 1 bis 1 1 zusammen mit einem pharmazeutisch vertraglichen Verdun-
nungsmrttel, Hitfsstoff Oder Trager.

Revendicatlons

1
.

Analogue de I'erythropoietine humaine ayant au moins un site supplemental de N-glycosylation sur I'une quel-
conque des positions d'acides amines : 30, 51 , 57, 88, 89. 136 et 138 et dans lequel au moins une chalne glucidi-
que supplemental, liee a un N est fixee a Tune quelconque desdites positions d'acides amines.

2. Analogue selon la revendication 1 qui est le produrt de I'expression d'une sequence d'ADN exogene.

3. Analogue de l'6rythropoT6tine humaine qui consiste en :

Asn^Thr^^al^Asn^Tn^EPO.

4. Analogue de l'6rythropoT6tine humaine choisi dans le groupe qui consiste en :

Asn^r32 EPO;
Asn^Thr53 EPO;
Asn^Thr59 EPO;
Val^Asn^Thr90 EPO;
Se^Asn^Thr90 EPO;
Ser^Asn^Gly^r90 EPO;
Ser8W^Thr^r92 EPO;
Se^Asn^^Aia162 EPO;
Asn69Thr71Ser^Asn88™^0 EPO;
Asn^Ile^r91 EPO;
Ser^Asn^lle90!^ 1 EPO;
Asn136Thr138 EPO; et

Asn1387Tir140EPO.

5. Analogue de I'erythropoTetine humaine comprenant une extension d'un ou de plusieurs acides amines a partir de
I'extremite carboxyterminale de l'6rythropoTetine, dans lequel 1'extension comprend au moins un site de glycosyla-
tion.

6. Analogue selon la revendication 5, dans lequel 1'extension comprend un fragment peptidique derive I'extremite car-
boxyterminale d'une gonadotrophs chorionique humaine.

7. Analogue selon la revendication 6 choisi dans le groupe consistant en :

(a) I'erythropoTetine humaine ayant la sequence d'acides amines Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-
Leu-Pro-Ser-Pro-Ser-Arg-Leu^

s'etendant a partir de I'extremite
carboxyterminale

;

(b) l analogue specifie en (a) comprenant en outre Ser^Asn88™^ EPO ; et

(c) I'analogue specifie en (a) comprenant en outre Asn30Thr32Val87Asn88Thr90 EPO.

8. Analogue de I'erythropotetine humaine comprenant une deletion d'un ou de plusieurs sites de glycosylation dans
rerythropoTetine humaine et une addition d'un nombre egal de sites de glycosylation non naturels.

9. Analogue selon la revendication 8. dans lequel le site de glycosylation non naturel est un site glucidique lie a un N
a la position d'acide amine 38 de I'erythropoTetine humaine.

10. Analogue selon la revendication 9 choisi dans le groupe consistant en :

Gln^Se^Asn^r^EPO;
Gln^Se^AsnSSThr^EPO; et

Gln^Ser^Asn^r^EPO.
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11. Analogue de rerythropoTetine humaine ayant un site supplementaire de O-glycosylation sur la position d'acide
amine 123 et dans lequel une chaTne glucidique supplementaire. liee a un 0 est fixee a ladite position d'acide
amine.

12. Sequence d'ADN codant pour un analogue de rerythropoTetine humaine selon Tune quelconque des revendica-
tions 1 a 11.

13. Cellule-hdte eucaryote transferee avec une sequence d'ADN selon la revendication 12 de maniere a permettre a
la cellule-h6te d'exprimer un analogue de I'eYythropoTeline humaine.

14. Composition pharmaceutique comprenant une quantite therapeutiquement efficace d'un Analogue de rerythro-
poTetine selon rune quelconque des revendications 1 a 11 , et un diluant. un adjuvant ou un vehicule pharmaceuti-
quement acceptable.
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FIG.5
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FIG.8
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FIG.9
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